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Diseases of the Eyelids 



68. Chalazion and Other Diseases of the Tarsus 

This patient has a circumscribed swelling in the lid, the situation of which 
should be determined accurately. 

When we study a section of the lid we find it to be composed of skin, tarsus, 
muscles, nerves and mucous membrane. The skin contains glands and minute 
lanugo hairs; beneath the subcutaneous tissue we trace the cut bundles of the 
orbicularis, beneath this lies the tarsus, which is compK)sed of dense connective 
tissue. The tarsus harbors the Meibomian glands and in its upper part some 
mucous glands, the so called Krause*s glands. Between the lower margin of 
the tarsus and the free margin of the lid lies the musculus subtarsalis, or 
Homer* 8 muscle (musculus Riolani). The inner surface of the tarsus is cov- 
ered by conjunctiva. In the anterior portion of the margin of the lid are to be 
seen the hair bulbs of the cilia, together with the mouths of the sweat glands 
{MolVa glands), and of the sebaceous glands (Zeiss* glands). The muscles 
present are 1, the levator of the upper lid, supplied by the oculomotorius ; 2, 
the orbicularis, supplied by the facial. This muscle surrounds the palpebral 
fissure, and its deeper part, which is employed in gentle closure of the Uds, is 
represented by the musculus subtarsalis; S, the so called Mueller^s muscle, a 
smooth muscle found in both the upper and the lower lid, supplied by the 
sympathetic. 

The skin of the normal lid is very delicate and that of the upper lid is 
folded when the eye is opened. This folding is due to a division of the fibres 
of the levator, and is called the covering fold of the lid. The posterior lamella 
of the tendon of this muscle is inserted into the upper margin of the tarsus, 
while another lamella extends down its anterior surface and sends attachments 
to the skin. The skin passes into the mucous membrane at the free margin of 
the lid, where it forms a strip 2 mm broad, the intermarginal portion, the ante- 
rior edge of which is somewhat rounded off and presents the cilia jutting from 
it, with the mouths of the Meibomian glands in front of them, while the inner 
edge is sharp and forms almost a right angle. The margins of the lids 
approach and unite at their outer and inner ends to form the outer and inner 
cant hi. The inner canthus is shaped like a horse shoe and contains the 
caruncle. . 

Where is the seat of the disease in this case.'^ Palpation shows that the 
little tumor, about as large as a pea, does not lie in the skin which is movable 
over it, although in many cases it is adherent. It is roundish, nodular and 
clastic. We can move it together with the tarsus, to which it is intimately 

277 



878 CHALAZION 

attached. After everting the lid we see a reddish gray, rather transparent 
place, corresponding to the site of the node, showing through the conjunctiva, 
which is red and swollen in the vicinity of the growth. The tumor lies in the 
tarsus. It has developed very gradually without pain or annoyance, except 
for the disfigurement it produces. 

The tarsus consists of connective tissue with elastic fibres, not of cartilage, 
as it is often thoughtlessly said to be. An impression of its thickness and 
elasticity may he obtained by taking the lid of a closed, healthy eye between 
the thumb and forefinger. It contains the MeAomian and accessory Kratue's 
glands. Hence a disease of the tarsus may be either an affection of the glands, 
or of the connective tissue substance of the tarsus itself. 

I. Diseases of the Glands of the Lid 

The function of the Meibomian glands, which lie close together, with the 
orifices of their emunctory ducts just in front of the inner edge of the lid, is to 
_ lubricate the margins of the lids. This 

--— ^ ,. - v.- J* '"■" ' - ' T^ function may be augmented, or diminished. 
( > '^.'.',*' ^ ' \ ^^-i' \ In cases of hypersecretion of theJtf«- 

* ~ " • -•- J bomvan glands a whitish scum appears on 

the margins of the lids, at the canthi, and 
on the caruncle, which dries at ni^t. 
This hypersecretion is often associated with 
seborrhcea of the margin of the lid. In 
other cases the glandular secretion is 
diminished. The glands must also sufTer 
when the tarsus undergoes contraction in 
..-,yK -... -. trachoma. 

/ ' *,^* ^ if •'. ' •!* *» **"'' Patient has a spontaneous, chronic, 

i •'."••*S #••• 'I '/''•• '> r' granulating inflammation of the ^«fcoi»ifli» 

j « »> I^lZ^ • ,', ' A^**.*"!/ glands, which we designate chalazion. 

" " ' ^" ' V* ■-■.-* , 'I''"' pathogenesis of this disease is still 

■_^* ' _'^ obscure, and its pathology must first bu 
understood in order to appreciate the theo- 
FiG. 53. - Giant Cells in a Chalazion. ^^^ ^^^^^ |,ave been advanced. The contents 
of a chalazion consist of a mucoug, soft 
granulation tissue containing many round cells and very many giunt cells which 
have an epithelioid charncter and contain numerous nuclei, usually arranged ir- 
regularly, more rarely about the margin. Dilatations of the preserved glandular 
alveoli, calcified masses of secretion, remains of dead cpithelia and infiltration of 
the surrounding connective tissue of the tarsus are also to be seen. The condition 
is one of chronic folliculitis with development of a granulation tissue containing 
giant cells. Virckaw thought chalazion to be a granulation tumor, while HaaJ). 
de Wecker and others believe it to be a retention cyst of the Meibomian glands. 
The great number of giant cells led r. Batimgartm and Tangl to think it a 
tuberculous granulation tissue, but it has been proved by very many inocu- 
lation experiments that chalazia do not contain tubercle bacilli, and I do not 
believe that they arc in any way connected with tuberculosis. It can happen 
only in rare cases that tubercle bacilli may be carried mcta-statically into the 
connective tissue of the tarsus and excite a formation of granulation tissue in 
the glands. During experiments concerning endogenous tuberculosis of the 
eye Stock produced chuhi/ionlike nodes in the upper lid. Other niicniorgan- 
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isiiiR linve bcon taken to be the agents of chalazion. Deyl bolieved he had 
iliscovcrcd the a^jent in the xerosis bacillus, but this was an error. 

Dei/l luid Hala injected masses of xerosis bacilli beneath the skin and con- 
junctiva with the result that nodules were produced, but these reactions of the 
tissue to the injection of such masses of bacteria give no indication in regiinl 
to the infectious nature of xerosis bacilli, as Btetti and Axenfeld have pointed 
imt. The agent uf chalazion is still unknown, though the tendency of the 
disease to recur indicates an infectious etiology. Research among the protozoa 
may perhaps be more Nuccessful. 

When left to itself a chalazion rarely remains stationary. Sometimes it 
becomes smaller because of atrophy of the granulation tissue. Usually it 
grows larger gradually until the proliferating granulation tissue breaks 
through the conjunctiva tarsi and protrudes through the perforatio)i into 
the conjunctival spucc. A chalazion may be single, but frequently many arc 
present in both the upper and lower Hds. A number of adjoining Meibomian 
glands may become (licensed and give rise to a flat, broad swelling, which is 




Fig, bi.^De9marre'K Chalazion Forceps. 

caUed a giant chalazion. The granulation tiNsuc often exists only in the 
I'fFerent ducts of the Meibomian glands mid forms rodtlish gray nodules on the 
margin of the lid; chHlnzion marginalc. 

To remove a chalazion some cooiiin is injected in its vicinity, the lid is 
iverted and seized with chalazion forceps so as to render the tissue bloodless, 
the conjunctiva is incised parallel to the course of the Meibomian gland, and an 
attempt may then be made to dissect out the nodule with scissors and forceps. 
Usually, however, a part of the contents escapes. The cavity is then to be 
curetted thoroughly to prevent recurrence, after which a bandage should be 
applied for a day or two. If it is <lesircd to extirpjite the chalazion through 
the skin, a horizontal incision is made parallel to the margin of the lid down 
upon the tumor, and is later closed with sutures. In the diagnosis of a cha- 
lazion it is but rarely that a tuberculous or gunmmtous node needs to be 
considered. 

Dilatations of the efferent ducts of the Meibomian glands are, on the contrary, 
frequently met with in the course of chronic conjunctivitis, and of diseases ot 
the margins of the lids. Little whitish yellow spots may then be seen on the 
conjunctiva tarsi, over which the conjunctiva is somewhat arched and swollen. 
This condition is one of occlusion of the efferent duett by masses of secretion 
that have undergone partial calcification. These formations must be looked for 
and removed when there is a constant feeling as of a foreign body in the pjc 
during the course of a chronic conjunctivitis, Mitvaltky observed a colloid 
transformation of the contents of the efferent ducts, and hard pearls, as clear 
as glass, may be remove<I sometimes from the glands. 

Cytta of the glandt appear through the conjunctiva like transparent fonna- 
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tions. Primary tumors, particularly adenomata, of the Me^omian glands are 
met with. Krauae'i glands, wliich lie in the posterior margin of the tarsus, 
may also be the seat of disease, and may become involved in inflammations of the 
conjunctiva. Cysts, and in rare cases adenomata, develop in them. As a rule, 
the morbid processes met with in the glands of the lid are chronic. 

The acute purulent inflammation of the Meibomian glands, the so, called 
hordeolum internum, forms a complete contrast to the chronic granulating 
inflaniniatipn met with in chalazion. In this condition a hard node likewise may 
be felt in the tarsus, but it is very painful and the symptoms of inflammation 
are tempestuous. The inflammatory swelling involves the skin of the lid as 
well as the conjunctiva tarsi and bulbi. The preauricular gland is enlarged 
iind tender; the clinical picture is in a word that of an acute, deep abscess of 
the lid- The pus soon causes a yellow discoloration to appear on the con- 
junctiva tarsi, which is finally perforated and the abscess is evacuated into the 
conjunctival sac. This condition wc call hordeolum Meihomianum. In many 
cases the conjunctiva secretes a larger quantity of scro purulent fluid. The 
suppuration is caused by the entrance of virulent staphylococci into the 
Meibomian glands through their efferent ducts. After the pus has been 
evacuated by a timely incision the inflammatory symptoms rapidly abate, 
i^ometimes a granulation forms in the opening of the abscess cavity and very 
malignant cases may result in an extensive necrosis of the tarsal connective 
tissue. Such cases are spoken of as tarsitis necroticans. 

II. Diseases in the Tarsal Connective Tissue 

Isolated diseases of the connective tissue of the tarsus are rare. The tarsus 
may naturally be involved in many local inflammations of the skin and con- 
junctiva, such as erysipelas, grave infectious forms of conjunctivitis and 
trachoma, but in all such cases the primary disease forms the centre of interest, 
while that of the tarsus is secondary. 

Other diseases of the tarsus are very rare. Amyloid degeneration of the 
tarsal connective tissue is sometimes met with as a fatty, gelatinous, waxlike, 
fh-ni mass on its inner surface; whether it starts from the conjunctiva or the 
tarsus cannot be determined clinically. There are only two diseases of the 
tarsus that need to be differentiated from chalazion: tuberculosis and syphilis, 

Tuberculosit of the tarsus is not often met with as an isolated condition. 
It is usually either a transplantation of a primary tuberculosis of the conjunctiva, 
when little nodules appear between the tarsus and the conjunctiva in connection 
with a tuberculous ulcer of the latter, or an extension of a. tuberculosis of the 
skin. When the tarsus is primarily affected endogenously, circumscribed 
thickenings are formed, the disease extends to the glands and a diagnosis 
may not be possible except through a histological examination. 

Syphilitic disease of the tarsus may occur either in the form of a diffuse 
gummatous infiltration, or of circumscribed nodes. When the inflltration is 
'diffuse severe inflammatory symptoms, such as swelhng of the lids, are present 
and the fatty tissue may show through the conjunctiva, the same as in chal- 
azion. More often the gummatous nodes are circumscribed and hard. They 
arc usually present in both lids, and the clinical picture may be similar to that 
of chalazion. These syphilitic disea.ses of the tarsal connective tissue may be 
met with in both hereditary and acquired syphilis and, although chalazion 
is the disease of the tarsus most frequently met with, they must be borne in 
mind in certain cases and treatment governed accordingly. Finally, it should 
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be mentioned that a sarcoma or fibrosarcoma may occasionally originate pri- 
marily in the tarsus. Congenital entropion is indicative of a faulty develop- 
ment of the tarsus. 



60. Of What Diseases Are Disturbances of the Circulation in the 

Skin of the Lid Indicative ? 

The lids of this youn^ girl suddenly become cedematous at irregular inter- 
vals of several weeks without any demonstrable cause. The lids of both eyes 
are much swollen, their skin is of a pale, waxy yellow color. There are no 
signs of inflammation and no itching. The swelling lasts a few days and then 
disappears to return again in a few weeks. This is the so called recurrent 
oedema of the lids, which is also called Quincke^s disease. It may appear alone 
as in this case, or it may be associated with oedema of the skin of the face, or of 
other parts of the body, or even of the mucous membrane. Its nature is 
not yet fully understood, but it is generally thought to be a vasomotor disturb- 
ance coming from the central nervous system. Treatment of this angioneurosis 
is limited to gentle massage of the lid and attention to the general condition. 
The prescription of drugs should be made dependent on the result of the examina- 
tion of the blood. 

The first question to be answered, when we are called upon to diagnose a 
disease of the lids, is whether the disease is located in the tarsus or in the skin. 
The most frequent symptoms in the skin of the lid are 1, disturbances of cir- 
culation ; 2, inflammation. This case is an example of the former. 

The principal circulatory disturbances to be considered are hemorrhages, 
arterial hyperaemia, hyperaemia from engorgement, erythema and oedema. It 
rarely happens that these circulatory disturbances in the skin of the Hd form 
an isolated clinical picture sui generis, usually they are concomitant phe- 
nomena of other diseases, of which, as a rule, they indicate the presence. There- 
fore their diagnostic value must be briefly considered. 

I. Hemorrhages in the Skin of the lid 

Hemorrhages in the skin of the lid, partly in the cutis, partly in the sub- 
cutaneous tissue, are called sugillations when extensive, petechias when divided 
into several spots. Sugillations are indicative of injuries, such as operations, 
penetrating wounds, or contusions. They may be due to fissures and fractures 
of the bones of the orbit, and very often are symptomatic of fractures of the 
skull. Frequently they are an evidence of fracture of the roof of the orbit. 
Extensive sugillations of the skin of the lid are also met with in grave cases of 
crushing of the thorax and abdomen. A backward engorgement of the venous 
blood, that causes rupture of the little veins, is produced by these compressions, 
which are not infrequently met with in railroad accidents. A trivial injur}' 
may produce an extensive hemorrhage in the lids in haemophilia. Petechiae 
usually indicate the hemorrhagic' diathesis, scurvy, purpura haemorrhagica, 
morbus maculosus, Barlow*8 disease, or sepsis. 

H Arterial Hyperaemias of the Skin of the lid 

Arterial hyperaemias of the skin of the lid are met with in grave inflamma- 
tions of the conjunctiva, as in gonorrhoeal conjunctivitis, or in this case of 



282 HYPER.«MIA OF THE SKIN OF THE LID 

panophthalmitis, in which the skin of both eyelids is much swollen, glistening, 
tense, smooth, red, and hot to the touch. 

This active hyperiemia accompanies serious intraocular suppuration, cellu- 
litis of the orbit, and the infectious diseases of the conjunctiva. An indication 
of the seat of the disease may often be obtained from the situation and extent 
of such an inflammatory swelling. 

If this swelling is confined to the medial side of the lower lid it indicates 
a cellulitis of the lacrymal sac; if it is situated above the ligamentum canthi 
internum of the upper lid, an empyema of the frontal sinus is suggested. 
Empyema of the antrum of Highmore and periostitis of the margin of the orbit 
may also be indicated by such local inflammatory swellings, which also form 
a symptom of considerable importance in one of the most common diseases of 
the lid, hordeolum. 

m. Engorgement Hyperaemia of the Skin of the Lid 

Engorgement hyperaemia of the skin of the lid furnishes quite a different 
diagnostic indication. When the venous circulation is obstructed, the veins 
become prominent, tortuous, dilated and proclaim the trouble, not rarely in 
conjunction with a swelling of the skin and a heaviness of the entire lid. The 
cause of such a venous stasis may be general or local. 

Among the general causes may be mentioned the patent foramen ovale of 
the heart, and a stenosis of the pulmonary artery. The bluish red, puffy 
cyanosis met with in these cases is very characteristic. 

When the venous stasis of the lids is confined to one side of the face the 
cause is to be sought among such local factors as pressure of the cervical glands 
upon the common jugular vein, thrombosis of the orbital veins, or the pressure 
of retrobulbar tumors upon the vena palpebrales. In children a long continued 
blepharospasm frequently causes an cedematous swelling of the lids with venous 
stasis, because the veins passing through the orbicularis have been compressed. 

In anaemia and chlorosis the edges of the eyelids are apt to be bluish and the 
vessels of the skin of the lid to be partially dilated. We also meet with a 
dilatation of both the arteries and veins of the lid in arteriovenous aneu- 
rysm of the internal carotid and the cavernous sinus, which causes pulsating 
exophthalmos. 

The arteries alone may be greatly distended by aneurysms in the vicinity 
of the lid. A dilatation of the veins is not rarely indicative of a retrobulbar 
tumor, or of exophthalmic goitre. 

Almost all of the vascular tumors of the lid consist of dilated veins. When 
such an angioma results in a saclike stretching of the lid we speak of a 
varicoblepharon . 

IV. Ersrthema 

This patient has developed a circumscribed erythema about the eye after 
wearing a moist dressing for a short time. The same condition may be pro- 
(hiced by the application of hot poultices. Stokers and smiths develop slight 
erythemata on the skin of the lids under the influence of radiant heat. The 
erythema of the face produced by alcohol, tea, coffee and many febrile diseases 
is known to everyone. 

We also meet with an urticaria on the skin of the lid. Persons so afflicted 
need only to rub the eye a little to cause the purple red, elevated spots to 
appear. 
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V. Oedema 

Finally we return to oedema, whence we started. It is necessary only to 
mention the cedematous swellings of the lids from hydremias in the course of 
cachexia, or nephritis, in which the skin of the lid takes the form of a sac, or 
cushion. In lymph stasis the lid feels soft, almost fluctuating. Lymphan- 
giectases have also been observed on the lids. 

70. Hordeolum Externum and the Commoner Acute Exudative 

Inflammations of the Skin of the Lid 

This patient has an acute inflammation in his upper lid which is sufficiently 
]minful to deprive him of sleep. Near the margin may be felt a point of 
resistance that is very tender. The skin over the prominence is red, hot and 
yellowish at its top, where the pus shines through. Every layman knows this 
as a stye; we call it a hordeolum. 

% 

L Common Local Infectious Inflammations of the Skin of the lid 

The hordeolum extern-um is a staphylococcic infection of a sebaceous follicle, 
and IS one of the forms of acne. The manner in which a purulent infection of 
a sebaceous follicle takes place is easily understood, as staphyloccocci and other 
microorganisms normally occupy the margin of the lid, the uppermost layers of 
the epithelium, the elTerent ducts of the gland, and the cilia. Hordeolum 
externum is principally met with about the age of puberty, particularly when 
a chronic inflammation of the margins of the lids, a chronic conjunctivitis, 
anaemia, or chlorosis forms a predisposing cause. The cocci are inoculated into 
the gland by rubbing the lids, and there cause a localized, painful, inflamma- 
tory infiltrate in the skin, associated, in proportion to its extent, with an 
inflammatory swelling of the lid. Soon a pustule develops from this infiltrate, 
which may either dry up or rupture, after which the inflammation and swelling 
subside. Acne varioliformis and necroticans are met with more rarely ; they 
start in a gland of the hair follicle. Acne necroticans may attack all four lids 
and may be distinguished from an ordinary hordeolum by a dry, necrotic scab 
which is firmly adherent to the subjacent tissue. 

The treatment of hordeolum is to open the little abscess by a small incision 
and then to cover the eye with wet dressings for a few days. During an early 
stage the use of hot compresses may be indicated. The disease lasts only a 
few days, but is very annoying. When the virulence of the infection is very 
great the preauricular gland becomes swollen and the conjunctiva chemotic. 
Hordeolum externum is caused by suppuration of one of Zeiss^ glands, hordeo- 
lum internum by the formation of an abscess in a Meibomian gland. 

The furuncle of the skin of the lid differs from the preceding only in degree. 
It also is a staphylococcic infection and may start in either a sebaceous, or a 
sH^eat follicle, more often in the former. A little nodule is formed, having in 
its middle a lanugo hair, and from this soon develops a marked infiltration. 
When the furuncle finally ruptures, a craterlike opening is formed that con- 
tains the well known core of necrotic tissue. A furuncle that arises in a sweat 
gland and begins as a hard infiltration deep in the tissue is much more serious. 

The carbuncle of the eyelid, which begins in the region of the brow, is 
directly dangerous to life. It consists of a conglomerate of furuncles and is 
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dangerous because it may spread both superficially and deeply. In very favor- 
able cases a deep abscess cavity is formed^ after rupture, which heals with an 
extensive cicatrization that may result in an abnormal position of the lid. 
After rupture of the abscess the skin may be perforated like a sieve. A car- 
buncle may also cause thrombophlebitis of the orbital vein, purulent basal 
meningitis, or a pyogenous general infection. All these inflammations start 
from an eczematous disease of the lid and their malignancy is increased by 
disturbances of the metabolism, such as diabetes, or marasmus. When such a 
furuncular inflammation is of a serious nature the general condition is affected 
and in addition to the beating pains in the lid we meet with fever and swelling 
of the preauricular gland. The possibility of an infection with anthrax must 
be borne in mind in every case. Rapid and proper surgical treatment is indi- 
cated ; a free incision, drainage and antiseptic dressings are necessary. 

Another disease, the subcutaneous phlegmon, or abscess of the lid^ demands 
particular mention because it is involved in other questions of differential 
diagnosis. The swelling, fluctuation and perforation of the pus enable us to 
recognize the clinical picture at once. Such an abscess of the lid may naturally 
come from an ectogenous infection, when the inflammatory agents enter through 
wounds in the skin, and we meet with such abscesses in people who suffer from 
panaritium, but an abscess of the lid may also be caused by an extension of a 
neighboring inflammation. It may come from a cellulitis of the orbit, or from 
a periostitis of its margin, or it may indicate that an empyema of the frontal 
sinus, or of the ethmoid, is seeking its exit into the orbit. 

n. The More Frequent Haematogenous Dermatoses of the Skin of the Lid 

In varicella^ which attacks the skin of the lids by preference, little round, 
or acuminate vesicles are to be seen to rise from a reddened base. The contents 
of these vesicles are at first clear, but later become slightly turbid. The 
prognosis is good, the vesicles dry and form crusts in a few days. Usually 
the subjacent skin regains its normal appearance and we have only to try and 
prevent infection from scratching with the finger nails. 

In measles the sharply defined roundish spots are to be found on the eye- 
lids, which are swollen, in addition to the characteristic photophobia and con- 
junctivitis. 

In scarlet fever the fine red spots with pale areolae, which at first lie close 
together, soon blend into a uniform scarlet red and the epidermis peels from the 
lids after the redness has passed away. 

Toxic dermatoses are also met with. Erythema exudativum occurs as one 
of the symptoms of pellagra, a disease that is widespread in Italy, Roumania 
and Bulgaria, and is considered to be a chronic intoxication induced by the 
ingestion of damaged maize. On the lids it produces an erythema with a 
formation of vesicles, scaling and pigmentation. 

Occasionally we have to deal with pemphigus. It has been mentioned 
already that several diseases are included under this term. We distinguish 
clinically between an acute and a chronic form, in both of which large, clear 
bullae are formed on the skin of the lid, with contents that gradually become 
turbid. The bullae rupture and their coverings are cast off, leaving red, moist 
places. The surrounding skin is much reddened. Acute pemphigus may run 
a fatal course as pemphigus haemorrhagicus ; the chronic form is frequently 
associated with the same disease of the conjunctiva, or it may be preceded by 
the latter. 
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Urticaria rarely appears on the lids in the form of itching wheals, but 
more frequently as a marked oedema. It is met with very often. Various 
drugs, such as antipyrin, iodine, arsenic and chloral, as well as certain foods,, 
like crabs and strawberries, may excite urticaria in persons subject to an 
idiosyncrasy. Cases of urticaria which have a reflex origin are also met with.. 

71. Vaccinola of the Margin of the Lid, and Some Rarer Infectious 

Inflammations 

Both lids of one eye of this child are very cedematous and red. Near the 
outer canthus, in exactly corresponding places, on the margin of each lid, is a 
roundish, or oval, ulcer covered by a gray coating. The preauricular gland 
is inflamed and swollen. This is one stage of a vaccination pustule and these 
questions immediately arise: How comes a vaccination pustule to be met with 
on the margin of the lid.'^ What is its course and of what serious importance 
is the disease to the eye? 

L Occurrence of Vaccinola 

The child had been vaccinated, scratched his arm, then rubbed his eye and 
so transferred the infection. Vaccination takes very readily in the inter- 
marginal space, evidently because the epithelial covering is very delicate, 
always moist and easily injured. Usually the infection is transmitted from 
vaccinated persons to others. Thus mothers and nurses infect themselves from 
vaccinated children. It is not uncommon for overfond mothers to lay their 
faces against the vaccinated arms of their children at the very time they are 
suffering from the effect of the vaccination. Even physicians have suffered 
from such pustules when they had carelessly brought the lymph into contact 
with their eyes. 

XL Course of Vaccinola 

A portion of the margin of the lid begins to swell and a papule appears at 
this point, which develops in a few days into a pustule, while the symptoms of 
inflammation increase. The pressure of the lids together soon causes the 
pustule to rupture, and from this point its course differs from that of a vac- 
cine pustule elsewhere in the skin. It does not dry up, because it is kept wet 
constantly by the conjunctival fluid, but an ulcer is formed, as in this case, 
which is covered by a gray white coating. The eyelids in the meantime have 
become cedematous and hard, while the amount of the conjunctival secretion 
has become somewhat greater. Sometimes several pustules appear and in some 
cases the entire margin of the lid may be studded with such ulcers. Usually 
they disappear in from eight to fourteen days from this time. 

nL The Importance of Vaccinola to the Eye 

Fortunately the prognosis is good in most cases. The cilia fall out where 
the ulcers are formed and, although they may grow again, sometimes the loss 
is permanent. In many cases the cornea becomes involved, especially when a 
defect was present in the epithelium, and a keratitis develops which resembles 
to a certain extent keratitis disciformis. A delicate gray disc is formed, its 
margin denser than the central part, which is sometimes surrounded by parallel 
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rings. At the same time symptoms of serous iritis appear, with deposits on 
DescemeVs membrane. Permanent opacities that harm the vision are left only in 
very severe cases. The prognosis of vaccinola of the margin of the lid is 
generally good. 

There is nothing to be done in the way of treatment except to cleanse the 
eye regularly and to apply ointments of boric acid, or of sublimate. 

The consequences of true small pox on the lids and on the e^'e are very 
different, but thanks to the results of protective vaccination we no longer meet 
with this disease. In variola the characteristic papules develop likewise on the 
margin of the lid and become pustules, but the inflammation is much more 
severe and penetrating, and the result is marked cicatrization of the margin, 
or surface of the lid. The cilia are permanently lost; the entire margin of 
t|je lid may be broken down by the confluent ulcers; trichiasis, distichiasis and 
entropion may be the consequences. As the pocks may be situated on the 
scleral conjunctiva this disease is one of extreme danger to the eye. Even the 
ophthalmologist has every reason not to long for a return of the good old 
times when small pox raged unhindered throughout the land, and we shall 
always continue to exert the whole of our power to extend still more widely the 
protection afforded by vaccination, in spite of all the efforts of opponents of 
this beneficent measure. 

A vaccination pustule on the margin of the lid might he mistaken for an 
ulcus molle, but the history will guard against this error. The soft chancre 
of the eye is an extremely rare disease which forms a fatty, yellowish, suppu- 
i-ating ulcer on the margin of the lid, or at the canthus, with very red, sharply 
excavated, but soft margins. The preauricular gland is painful and swollen. 

A rather more common infection of the skin of the lids in certain callings 
is anthrax, which may appear in the form of either a diffuse anthrax cedema, 
or of an anthrax carbuncle, which has already been briefly mentioned. 
Anthrax oedema of the lids has a great tendency to spread over the skin of the 
face, head and neck. The color of the skin is at first pale, its consistency 
doughy; later the lid becomes very cyanotic, while bulla? appear and necroses 
of the skin arc formed. The anthrax carbuncle starts as a little itching, or 
burning, red spot which develops into a pustule. A crater shaped ulcer is 
formed by a rapid destruction of tissue with severe symptoms of inflammation. 
Infection takes place through the rubbing of anthrax bacilli, or spores, into 
a little wound in the skin of the lid. This disease is met with in people who 
deal with animals, or with material that comes directly from animals ; shepherds, 
butchers, tanners and veterinarians furnish the bulk of the cases of this very 
malignant disease. Anthrax causes a great destruction of the lids, which leads 
to extensive cicatrization. Its mortality is about 25%. The diagnosis can be 
rendered positive only by the demonstration of anthrax bacilli, for which cul- 
tures and inoculations of mice with the tissue are necessary. I mention the 
disease again at this place because it may be mistaken for a grave furuncle, or 
carbuncle of the lid. Treatment consists of anthrax serum, injected intrave- 
nously and in the neighborhood of the infection, absolute rest and antiseptic 
dressings. 

Another infection of the skin of the lid, which is likewise to a certain degree 
an occupation disease, is glanders. This infection comes from the nasal mucus 
and pus of horses suffering from glanders, and its course may be acute, with 
tempestuous symptoms of inflammation, or chronic. In the former case an 
infiltrate resembling that of a carbuncle is associated with a great swelling of 
the skin of the lid and of the lymphatic glands in the vicinity. In chronic 
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^landent \nrffv nodes nml cordliko tliickcninjts itppenr in tlio lid and give ri«e 
tu AluggUli ulcers. The prognosis is very serious. A disease of the lid^ 
ciLtised by actinomycosis, or blast on lyt'elji', is very rare, and we also need not 
go into details here concerning the Oriental boil. 

Kinally, extensive necroiex of the tkin of the lid occur in quite » number of 
ditivases, in the form of dry, or moist gangrene. In dry gangrene the dark 
skill of the lid i» changed into a black, cnistv iim*s; in moist gangrene the sur- 
face of the lid becomes ulcerated. 

On one occasion I saw gangrene of the lid follow varicella in a little child. 
Tlie skin of the upper lid became nccn>tic from the brow to its margin and fnmi 
the outer to the inner eanthus; the muscles and the tarsus were also partially 
destroyed. It always seems to be characteristic of gangrent' of the lids that 




only the surface i>» affected and that the margins, are s|)ared, even when lH)tli 
lidn are involved. Evidently the margin is tlie portion of the Hd that is most 
richly supplied with blood, ves-icls and is therefore the best nourished. Necrosis 
nf the delicate skin oF the lid may naturally be produced by various agencies. 
Tfike for example a case of blcnnorrhira neonatorum which came under our 
obMervHtion recently. The child had been subjected to energetic treatment with 
apphcationa of ice to the lids, which had caused the skin of the lid of one eye to 
necrose. I mention this case as a warning that ice should be used carefidly in 
inflammations of the eye. 

Contusions and lacerations naturally predispose to necrosis. Necrosis is 
usually due to secondary infection by streptococci, staphylococci, diphtheria 
bacilli and germs of putrefaction, as in measles, scarlet fever, impetigo, eczema 
and varicella. Necroses of the lids have been observed in septicopysmia from 
metastasis. Gangrenous stomatitis, noma, may also be transferred to the lids. 
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In addition to these infectious causes a general nutritive disturbance may 
produce necrosis of the lid in rare cases. Such necroses have been met with 
in alcoholism, diabetes, syphilis, and typhoid marasmus. The skin of the lid 
may also undergo a dry gangrene in the course of a grave herpes zoster. 
General treatment is the main reliance in all these forms of gangrene. The 
casting off of the sloughs must be awaited, while the eye is dressed with oint- 
ments, or antiseptics. 

In addition to these more acute inflammations a great number of chronic 
morbid processes are met with which arc chiefly of dermatological interest and 
so may be mentioned very briefly. 1. Psoriasis vulgaris. This is rarely met 
with on the eyelids. The round elevations surrounded by a delicate areola and 
covered with glistening scales, can be easily recognized. 2. In pityriasis rubra 
the skin of the lid is reddened and very scaly. As this disease may lead to an 
atrophy of the skin with contraction, its sequel, in the form of ectropion, may 
call for ophthalmic treatment. 3. As lichen ruber planus appears on the face 
very rarely, it is scarcely to be met with on the eyelids, but in extensive lichen 
ruber cuminatus, which may render the skin of the whole face uniformly thick 
and scaly, abnormal positions of the lids have been repeatedly observed. The 
same is true of lupus erythematosus ^ which ordinarily starts from the bridge 
of the nose and spreads to both sides of the face, and may readily cause ectro- 
pion by its cicatrization. Such rare diseases as rhinoscleroma, mycosis fun- 
goides, framboesia tropica and lepra may be mentioned, but they are of no 
interest to us here. 



72. Seborrhoea of the Margin of the Lid 

The most striking symptom in a case of this nature is the redness of the 
margins of the lids ; the eyes seem to be edged with red. Although the margin 
of the lid is in fact only a part of the skin, we consider it separately because it 
contains the cilia, with their hairbulbs and glands, and because its diseases are 
among the most common with which we have to deal, so that they need to be 
described rather more accurately. 

If we would diagnose correctly a disease of the margin of the lid we must 
consider it from the dermatological standpoint, and not be content with the 
names blepharitis squamosa and ulcerosa, which are frequently employed. I 
advise for both clinical and didactic reasons that this question be answered firsts 
whenever dealing with a disease of the margin of the lid: Is this a disease of 
the cilia, or of the hairbulbs? 

To answer this question we cleanse a portion, or the entire margin, of the 
lid and consider the condition of the skin. In conjunctivitis the secretion of 
the conjunctiva may dry on the margin of the lid, but, when this has been 
removed, the skin of the lid will appear to be normal, at least at the commence- 
ment of the disease. In the patient now being studied the skin between the 
cilia, and in their vicinity, is covered by gray and white scales that greatly 
resemble dandrufi^. If these scales are removed with a bit of wet cotton, or by 
rubbing with dry cotton, the margin of the lid is seen to be somewhat reddened^ 
the skin intact, though hyperaemic, and full of minute blood vessels. The 
conjunctiva tarsi is also reddened. The cilia are intact and no pus or ulcera- 
tion is present; thus a disease of the cilia is excluded and the seat of the 
disturbance is to be sought in the sebaceous follicles. 
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The condition is one in which the function of the sebaceous follicles is 
increased. We call it seborrhoea of the margin of the lid. 

The form is sometimes that of seborrhcEa oleosa, in which the cilia, eyebrows 
and frequently the scalp, appear as if they had been anointed with fat; more 
commonly it is that of seborrhoea sicca, characterized by the formation of whitish, 
branlike scales. This disease is extremely widespread and is met with in many 
people, especiaUy blondes. 

Its origin has not yet been satisfactorily explained. Some dermatologists 
think it is due to infection and a sebotactic influence has been ascribed to certain 
bacteria. It has frequently been supposed that a connection exists between 
seborrhoea and errors of refraction; uncorrected hypermetropia may increase 
the redness of the margins of the lids and so favor seborrhoea, but although we 
admit that the abnormal innervations exerted by the errors of refraction may 
influence. the vascular supply, yet, as r. Michel has insisted, there need exist no 
causal connection between seborrhoea of the sebaceous follicles and the refraction. 
Many things favor the supposition that seborrhoea sicca is a parasitic disease. 

The general constitution is of great importance. Anaemia and scrofulosis 
are not rarely met with in children who suffer from this disease, and it can 
scarcely be accidental that it is met with so often in persons with delicate skins 
and light, or red hair. Every adult knows that bad air, or a wakeful night 
increases the redness of the margins of the lids. 

Seborrhoea follows an extremely chronic course and usually persists in a 
slight degree throughout life. Yet it can be ameliorated and often cured for 
a long time by proper treatment. It should be treated by the general prac- 
titioner. Such general conditions as ansemia and scrofulosis should be corrected 
first; then the patient should be instructed how important it is to cleanse the 
margins of the lids night and morning. Before retiring for the night an 
ointment should be applied to the cleansed and dried margins, but it is not 
every ointment that will be borne by such eyes. Yellow ointment is frequently 
irritating; sometimes the simple boric acid ointment is sufficient. Another one 
which may be prescribed is composed of: Lac sulphur, 1.0, or resorcinum 
albissimum, 0.5; zinci oxidum, amylum purum, aa, 10.0; vaselinum, SO.O. 
It goes without saying that any existing chronic conjunctival catarrh must be 
treated. When the scales are adherent we may use a sharp spoon very carefully 
for the first thorough cleaning. 

73. The So Called Blepharitis Ulcerosa and the Diseases of the Cilia 

The first thing to be determined, when we examine a case of disease of the 
margin of the lid, is whether the disease is one of the cilia. There is no doubt 
timt the cilia are diseased in the three cases I show you today. 

Case 1. — In addition to the redness and the dry crusts the entire margin 
of the lid is covered by round ulcers, or little abscesses from the middle of each 
of which a cilium protrudes. In some places these ulcers have become conflu- 
ent, so that a large part of the margin is transformed into a raw surface. 

Case 2. — ^This child has scrofulosis and is suffering from keratoconjunc- 
tivitis> in conjunction with an extensive eczema of the face that involves the 
skin and margin of the lid. 

Case 3. — This third patient, an old woman, says she has suffered from 
sorO eyes for more than ten years. In her we see the consequences of a chronic 
catari^hal conjunctivitis with stenosis of the lacrymal duct. The intemiarginal 
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space is no longer present, part of the cilia are lost, the remainder are directed 
toward the eyeball, are partially stunted, and scrape ttie opaque cornea with 
each movement of the lid. Hitherto the more or less satisfactory dc^si^^nation 
of such cases as these has been blepharitis ulcerosa; but this term has been 
made to include quite a number of very different diseases. 

A. Nomud Behavior of the Cilia 

The cilia, or eyelashes, are implanted in the outer edge of a nomial lid 
margin so that those on the upper lid are directed concavety upward* those on 
the lower lid concavelv downward. Their anatomical construction is that of 
stiff hairs, and we designate the portion protruding from the skin the trunk, 
that within the skin the root of the cihum. 

Microscopically the trunk consists of the nonmedullated fibres of the cuticle, 
the fibre cells, and internally of niedu Hated fibres, the medulla cells. Pigment 
granules and dissolved pigment are found in the cells of the cortex. The root 
IS surrounded hv a hair follicle and sheath of connective tissue. Sebaceous and 
sweat glands open into the ciliary follicle. The root begins with the swelling 
of the hairbulb over the hair papilla, which presents a connective tissue cone. 
We differentiate also an outer and an inner root sheath. 

It has been calculated that under normal conditions a cilium is cast off and 
replaced by a new one in about 150 days. A slight rubbing of the lid is often 
sufficient to cause loose; old cilia to fall out. As the root of an old cilium is 
club shaped these are spoken of as club hairs to distinguish them from the 
papillary hairs of the scalp. 

B. Diseases of the Cilia 

When nje consider diseases of the cilia in detail we find that the following 
lesions may be present: 1, a change in the structure of the cilium: J£, mycosis; 
3, a follicular or {>erifollicnlar inflammation of the hair follicle: 4, anomalies 
in the growth and direction of the cilia. The third and fourth groups are 
often combined. 

I. Structural Chmigex of the Cilia 

Certain changes in the structure of the cilia are very striking. They may 
be congenitally white. We know that the color of the cilia, like that of the 
hair, depends on the pigment and air they contain and on the c*ondition of the 
surface. In congenital whiteness of the cilia, calletl albinism, the hair cells 
are devoid of pigment from their roots, (hily a portion of the cilia may be 
affected by such a leucosis. The cilia acquire a light color in many ways. 
They remain dark longer than the hair in the bleaching due to age, but finally 
become more or less gray. In premature age, which is hereditary in many 
families, or may result from sickness, they may become gray earlier. A phe- 
nomenon that has always been of sjx^cial interest is that the cilia may become 
white vcr}' rapidly, so to say over night. Cases have been reported in which 
the cilia became white suddenly as the result of a fright. It may be imagined 
that the effect of the nervous and circulatory disturbance is to deprive the Iiair 
papilla of its power to form coloring matter and to cut off the supply of pig^ 
ment to the hair trunk. 

Cilia have also bei^n observed to become white in the course of sympathetic 
iridocyclitis, after operations on the eye and in trigiMninal neuralgia, and many 
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cases of spontaneous poliosis have been met with for which no cause could be 
assigned. Such people often dye their lashes. 

Cilia are frequently dyed that have lost their color. Many nations are 
accustomed to dye their lashes and eyebrows and I need not mention that this 
bad habit is not unknown among ourselves. In many branches of industry the 
nature of the occupation is such as to cause the eyelashes to become stained. 

The cilia may undergo other structural changes. The root may be soft- 
ened by inflammatory disease of the hair follicle and occasionally a nodular 
formation, trichorexis nodosa, appears on individual lashes and forms punctate 
nodes on the hair trunk. 

II. Mycosis of the CUia 

The mycoses met with in the cilia are sycosis parasitaria and favus. 

Sycosis parasitaria is caused by a species of trichophyton. The fungus 
enters the hair follicle, proliferates with its gonidia between the cuticle and the 
cortical layer, and excites a severe inflammation which Anally results in a peri- 
follicular abscess. Pustules with large inflammatory nodes are formed at the 
bases of the lashes, which protrude from the little abscesses. When the crusts 
are removed the pus is evacuated. A differentiation must be made between 
sycosis parasitaria and coccogenes, of which I shall speak later. When the 
presence of sycosis parasitaria is suspected we have to demonstrate the fungus 
on the epilated cilia. The treatment is the same as for sycosis on other parts 
of the body. 

Favus is extremely rare. A dry, dimpled disk is formed in the skin by the 
proliferation of the hyphomycetes (achorion Schasnleinii). Beneath the scab 
the skin is peculiarly moist and lustrous. Treatment consists of the removal 
of the scab and the application of sublimate or resorcin ointment. 

Parasites are also met with on the margin of the lid. In many cases an 
irritation of the margin is due to the pediculus pubis, the black nits of which 
may render the margin so dark as to attract the attention of the physician. 
These parasites are easily removed by inunctions of unguentum cinercum. 

The acarus folliculorum, or demodex, may be found on the roots of the 
lashes in many men with perfectly healthy eyes. This parasite is usually 
harmless and excites an irritation of the margin of the lid only in rare cases, 
when the use of a weak ointment of balsam of Peru Js to be recommended. 

III. The Perifollicular and Follicular Inflammations of the Hair Follicle 

The .overwhelmingly great majority of cases of so called blepharitis ulcer- 
osa, are perifollicular and follicular inflammations of the hair follicles, and are 
the consequences of either an eczema of the margin of the lid, or of a sycosis pro- 
duced by staphylococci. 

(a) Eczema of the Margin of the Lid 

We cannot identify eczema of the eye by itself with eczema of the skin. 
Yet keratoconjunctivitis ordinarily starts in the course of an eczematous disease 
of the skin, particularly of the face and lids, and the physician can prevent, 
or ameliorate this disease of the eye by timely and proper treatment of the 
eczema of the lid. 

The theories concerning eczema still conflict. We cannot go in detail into 
its etiology, but will merely note clinically the following facts: 

A general cause and local factors participate in the origin of eczema. 
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There is certainly a special condition and predisposition of the skin, to which 
are to be added nutritive disturbances, aniemia and scrofulosis. Among local 
causes may be included aU possible irritations, and not a few believe that it has 
« parasitic origin. 

Eczema of the lids may either pass through all the characteristic forms and 
stages of the disease, or a certain form of the clinical picture may predominate 
throughout, just as elsewhere on the skin. It may begin with either a diffuse 
redness of the skin, or with numerous little nodules, which correspond to the 
mouths of the follicles from which little vesicles may develop. The contents of 
these vesicles may either dry up and scale off, or become turbid and purulent; 
in the latter case the disease is known as eczema pustulosum. If the pustules 
become confluent and rupture, large erosions are formed from which serous 
fluid is constantly secreted. These places are very red; eczema rubrum or 
madidans. If the fluid coagulates, thick crusts are formed and we have eczema 
crustosum, or impetiginosum. As the erosions heal they become covered with 
epithelium, which for a long time may be desquamated in the form of whitish 
scales: eczema squamosum. The first thing to decide in our case is what form 
of eczema is present. 

The situation of the disease varies greatly. It may spread, from the 
neighboring skin to that of the lid, or it may be confined to the latter. The 
skin of the lid is diffusely red and swollen, in obstinate cases and recurrences it 
may be extremely thickened so as to lead us to speak of a pachydermatic 
•eczema, or an eczema callosum of the lids. Analogous conditions of thickening 
are met with in the skin of the lips and nose. The usual situation is at the 
canthus, where the wetting of the skin may readily give rise to a moist eczema. 
It is hardly necessary to recall to memory the importance of rhagades. Such 
•an eczema is also called eczema intertriginosum and is found on the skin of the 
lid where the covering fold overhangs the rest. 

In our patient the margins of the lids are red and swollen, the cilia are glued 
together by the dry secretion and the entire margin is covered by thick crusts. 
Frequently pustules are formed, each with a cilium in its centre, and then the 
clinical picture of a sycosis is more or less nearly approached. We imagine 
that the eczematous places very easily become the seat of secondary infections, 
the liability to which is greatly increased by rubbing the lids, for the itching 
and other annoying sensations naturally cause such patients to wipe and rub 
their eyes. The disease is introduced through the constant wetting of the 
^kin and the maceration of the epidermis. 

An eczema of the margin of the lid which has existed for a long time results 
not only in a rapid change of cilia, but also in the serious lesions in their bed 
which are exemplified so dreadfully by our third case. It is therefore very 
important that a physician should be skilled in the treatment of eczema of the 
lids. 

The patient must first be taught not to struggle against the itching. In 
order to prevent children from scrubbing their e3'es we place short pasteboard 
splints about their elbows. This looks more cruel than it is, for the children 
<!an still play. 

In the second place care must be taken that the skin of the lid, whether at 
the canthus or on the margin, is not macerated by the secreted conjunctival 
fluid, because otherwise the eczema will continue to spread. For this purpose 
the skin and margin of the lids are anointed at regular intervals with pure 
vaseline immediately after they have been dried. It goes without saying that 
the conjunctival troubles which occasion an abnormal secretion must be treated 
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at the same time. Many cases will not bear even boric acid ointment. When 
these measures have been taken everything possible has been done to prevent the 
outbreak, or the extension of an eczema. 

If the question is how to do away with an existing eczema, the scabs and 
scales are soaked off, or loosened by an application of grease, and removed so 
as to cleanse the lid. Then we are guided by the form of the eczema ; thus in 
crasions, or eczema madidans, an excellent eflfect is obtained by painting the 
surrounding skin daily with a 1% solution of silver nitrate and then smearing 
the lids with vaseline or boric acid ointment. The applications of powders have 
also been recommended. 

In all forms subsequent treatment with pastes is indicated. Primarily we 
order here Lassar^s paste: acidum salicylicum, 0.8; zinci oxidum, amylum, 
aa, 3.0; vaselinum album ad., 10.0. Eczema is very amenable to treatment, 
and it is well to remember, as soon as a so called blepharitis ulcerosa is seen, 
that an eczema is the primary cause of the disease in very many cases. 

(6) Sifcosis Staphylogenes or Coccogenes 

In this other case we find on the margin of the lids pustules, each per- 
forated by a cilium. After the pustules have broken roundish ulcers are left, 
each with a cilium protruding. If such a cilium is pulled out it is found to be 
loose, with its root sheath swollen and looking purulent. At first the pustules 
are single and may occupy for a long time only a portion of the margin of the 
lid, but finally they spread over its entire surface. Such a sycosis may 
originate independently of an eczema of the skin. If we remove the scabs and 
dry masses of pus we have before us a raw surface covered with ulcers. 

This disease is produced by staphylococci that have been rubbed into the 
open mouths of the follicles. The stages of such an infection are, impetigo of 
the funnel of the hair follicle, perifollicular infiltration followed by abscess, and 
suppuration of the hair follicle. 

An analogous picture may be seen on the margin of the lid in pustular 
eczema, but in such a case other symptoms of eczema are to be found in the 
vicinity. In this patient the rest of the skin of the lid is perfectly healthy. In 
order to mdke the diagnosis positive the contents of the pustule and the diseased 
cilia are examined in search of a sycosis parasitaria. 

According to my experience the treatment of all these cases of perifollicular 
and follicular inflammation of the margin of the lid should be mild. Applica- 
tion of the stick of silver nitrate, which is frequently recommended, is proper 
only in obstinate and malignant cases. We simply open the pustules, epilate 
the cilia in the most diseased parts, and smear the margin regularly with boric 
acid ointment. Tannin and sulphur ointment has also been recommended. 

IV. Disturbances in the Growth of the Cilia 

Such an inflammation of the margin of the lid has evidently existed a long 
time in our next case; it has penetrated deeply and induced serious nutritive 
disturbances of the cilia. The intermarginal space has been almost wiped out, 
the outer and inner edges of the lid are almost blended. Three symptoms 
Attract our attention when such a great change has taken place in the bed of 
the cilia. 

l.We may find signs of hypertrophy of the cilia, and then we speak of 
hypertrichosis. Single very long lashes are occasionally met with, or the 
number of cilia may be abnormally great. In rare cases we meet with a con- 
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genital polytrichia, a condition in which perfectly normal lashes are arran^^ed 
in several rows. It is probably ^ue to a congenital abnormality of develop- 
ment through which cilia were developed in the place of the Meibomian glands. 
In acquired polytrichia there is an irregular and confused growth of cilia here 
and there, where they do not belong, which have come from rudimentary, or 
pathologically altered hair germs. Such a polytrichia may appear in old age 
associated with an increase of hair, as in women; but such conditions are met 
with chiefly in cicatrization of the margin of the lid caused by trachoma. 

2. More often we meet with a hypotrichosis, or alopecia. This condition 
also may be congenital, when it is usually associated with a universal alopecia 
and is due to an inhibition of development, but it may be acquired from both 
general and local causes. According to Willbrand^ the falling out of the cilia 
is not rare in syphilis, and v. Michel saw a universal alopecia with absence of 
cilia and supercilia after an attack of scarlet fever. The lashes have also been 
observed to fall out in chronic arsenic poisoning, cachexia strumipriva and 
exophthalmic goitre. 

Such a falling out of the lashes is met with in all diseases of the margins of 
the lids, seborrhoea, mycoses, follicular inflammations and cicatrizations, and, 
if one desires, a difl^erentiation may be made between a scborrhoeic, a mycotic, an 
inflammatory and a cicatricial alopecia. If the hair papilla* are destroyed, the 




Fig. 66.— Cilia Forceps. 

loss of the lashes is permanent. It should be mentioned in this connection that 
hysterical patients not rarely pull out their lashes. 

3. Oblique position of the cilia. Those disturbances in the bed of the 
cilia, which alter their direction, are of the greatest practical interest, because 
they soonest cause injury to the eye. 

A cilium, or a bunch of cilia, may be turned outward over the edge of the 
lid and pressed into the skin of the intermarginal space. Such lashes are called 
cilia incarcerata; they are themselves normal, have been encapsuled by 
epithelial, or granulation tissue and may have their proper direction restorefl 
by an incision. The point of the lash may be sunk obliquely into the skin of 
the upper lid; this is called a cilium inversum. These conditions play a very 
subordinate part in the erroneous direction of growth which we call trichiasis, . 
a very common trouble. 

We understand by trichiasis an alteration in the l)ed of the cilia by means 
of which the lashes become directed backward and inward, downward on the 
upper lid, upward on the lower. It is often associated with polytrichia and 
alopeqia. 

The consequences may l>e seen in this patient. The badly directed lashes 
scrub the cornea with each motion of the lid. Their mildest effect is to irritate 
the eye and produce photophobia, blepharospasm and increased lacrymation. 
They may also cause defects in the epithelium of the cornea, which in turn are 
very painful, easily accessible to purulent infection and frequently result in ' 
ulcers. In other cases the constant mechanical irritation excites a proliferation 
of the epithelium and so starts a pannus. 

I lay great stress on these conditions and demonstrate them carefully 
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because the commencement of a trichiasis is so easily and so often overlooked. 
It is not always easy to see single, minute, misdirected cilia with the unaided 
eye, but they will not escape an examination of the margin of the lid with a 
loupe. If you will examine this patient with Zeiss^ corneal microscope you will 
understand why such a margin of the lid has been compared appositely with 
an un tended forest. Normally there is a layer of fluid where the inner edge of 
the lid touches the eyeball, which gives a reflex parallel to the margin; this 
uniform reflex is broken wherever a cilium is directed inward. All this is the 
result of blepharitis. 

Patients with partial trichiasis may often be helped by regular epilation of 
the offending lashes, but the benefit can only be temporary, because the lashes 
return sooner or later. It is much better to destroy the hairbulb by electrolysis, 
when it is necessary to remove single lashes. A fine needle attached to the 
negative pole is introduced into the hairbulb, the positive pole is placed on the 
temple. The effect is shown by bubbles of gas rising along the root of the lash 
which can then be easily lifted from its bed; its growth is then destroyed. 

When the trichiasis is of considerable extent, or involves the entire margin 
of the lid it can he obviated only by means of an operation. As it is often 
associated with an entropion the methods employed are usually those that will 
at the same time relieve the latter. 



74. Blepharophimosis and Lagophthalmos, and Their Operative 

Treatment 

Sometimes we have to enlarge the palpebral fissure when it is abnormally 
small and, inversely, to diminish it when abnormally large. A stenosis of the 
palpebral fissure, such as is presented in our first patient, is known as a 
blepharophimosis. 

A. Blepharophimosis 

It must be determined first whether the palpebral fissure is really contracted, 
for an apparent stenosis is not infrequently present. A vertical fold of skin 
may cover the outer canthus and a part of the palpebral fissure, but when it is 
drawn back so as to uncover the canthus, the fissure proves to be of normal size. 
Such a vertical fold of skin may become eczematous in a chronic conjunctival 
catarrh, or an irritated condition of the eye, from the constant wetting with 
the lacrymal fluid, and, as a result of this dermatitis, become hard and con- 
tracted horizontally by a blepharospiLsni, but after the conjunctivitis is well the 
dermatitis passes away and the apparent blepharophimosis disappears. In old 
people the skin may be relaxed and cover the outer canthus constantly. Our 
patient has a true blepharophimosis and we have to consider what causes operate 
to produce this condition. 

Causes of Stenosis of the Palpebral Fissure 

The palpebral fissure may be very small congenitally. Such a condition is 
met with chiefly in association with bilateral congenital ptosis, when the flat 
configuration of the face, the flat bridge of the nose, and the defective intelli- 
gence suggest the etiology. 

It may be caused also by a congenital adhesion between the upper and lower 
lids, called congenital ankyloblepharon, which may be a purely epithelial adhc- 
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sion, or connective tissue bands may extend from the margin of one lid to that 
of the other, when it is called ankyloblepharon filiforme. This abnormality is 
unilateral, as a rule, and is readily corrected by an operation. In all such 
cases the etiology can be determined from the history. 

Acquired stenosis may be due to faulty innervation of the muscles. Paraly- 
sis of the levator or spasm of the orbicularis may cause a complete closure of 
the palpebral fissure, so it is necessary to ascertain whether the cause is of this 
nature. 

It may also be due to a change in the form of the eyeball ; the lids fall 
together in phthisis bulbi following injuries or intraocular inflammations. 
After enucleation of the eye in children the orbit may be backward in its growth 
and the palpebral fissure be very small. 

The most common cause is a contraction of the conjunctiva, or of the mar- 
gins of the lids. -Cicatricial contraction of the conjunctiva from trachoma, 
pemphigus, and burns in the vicinity of the outer canthus, may produce a 
blepharophimosis. The lids may grow together when opposite places on their 
margins are made raw by ulcers, burns, or such diseases as lupus and diphtheria. 
In severe burns the margins of the lids may become adherent throughout their 
entire extent, producing the condition known as acquired cryptophthalmos. 
In such cicatricial cases adhesions exist, as a rule, between the conjunctiva bulbi 
and conjunctiva tarsi, and the ankyloblepharon is associated with symblepharon. 

In our case the chronic conjunctivitis, that has lasted for many years, 
together with the inflammation of the margin of the lid, has produced the 
blepharophimosis. 

B. Lagophthalmos 

Enlargements of the palpebral fissure are grouped together under the term 
lagophthalmos. A symptom common to most of these cases is that the closure 
of the lids is more or less imperfect, so that the anterior surface of the eyeball 
is not properly covered and moistened. The causes are various; rarely it is 
congenital. 

Acquired lagophthalmos may be caused: 

1. By spasm of the levator, or, more commonly, by paralysis of the 
orbicularis. 

2. By the position of the eyeball in the orbit. In exophthalmos from any 
cause the eyeball presses the lids apart. 

3. By a tumor from the eyeball which protrudes through the palpebral 
fissure. 

4. By enlargement of the eyeball itself, as in congenital buphthalmos, 
when the lids are no longer able to cover the enlarged anterior surface of the 
eye. In high m3'opia also the eye may protrude as if it were exophthalmic. 

If the cause of the lagophthalmos is a disturbance of innervation, this is to 
be treated primarily. In facial paresis the eyeball should be protected at 
night by a dressing. Operative intervention is often necessary in this condition. 
In this case of exophthalmic goitre a tarsorrhaphy is necessary, because we 
know of no other method b}' means of which to obviate the exophthalmos. 
Hence for the protection of the eye we shall enlarge the palpebral fissure in our 
first case and shorten it in our second. 

Canthoplastj/ 

We draw the lids well apart and somewhat toward the nose, so as to bring 
the outer commissure of the lids well into view. The blunt blade of a pair of 
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strong, straight scissors is introduced horizontally beneath the commissure, 
which is then divided by closing the scissors. When the lids are separated 
the wound is seen to be in the form of a rhombus, the lateral sides of which are 
formed of conjunctiva. Everything now depends on the way in which the 
mucous membrane is sutured through the skin. We seize the conjunctiva at 
the junction of the two branches of the wound, draw it outward, and attach it 
to the skin at the angle made by the incision. Other sutures are then inserted 
above and below to unite tha skin and conjunctiva. If the conjunctiva does not 
heal into the wound in the skin the latter will quickly reunite. The main 
purpose of this operation is to divide horizontally the outer muscle of the lid. 
This simple operation is employed not only when it is necessary to enlarge 
the palpebral fissure temporarily in an obstinate blepharospasm, but also to 
weaken the spasmodic contractions of the orbicularis by section of its fibres, or 
to relieve the pressure of the greatly swollen lids upon the eyeball, as in grave 
blennorrhoea of adults. It may also happen that the palpebral fissure is too 
small for an enucleation, or for the removal of an orbital tumor, when this 
horizontal incision at the canthus may be of assistance.^ 

Tarsorrhaphy 

In tarsorrhaphy the palpebral fissure is shortened by uniting the margins 
of the lids. The operation of Fuchs is a great improvement on that of v, Graefe 
and v. Walther, who freshened the margins of the lid, at the outer canthus, by 
excising the bed of the cilia for the desired distance, and then sutured the 
lids together. We first introduce a metal plate into the conjunctival sac to 
support the lids while the incisions are made, and then split the lower lid into 
two laminae, for the distance desired, by an intermarginal incision. Froni thio 
inner end of this section a second incision is made vertically through the skin, 
thus forming from the outer portion of the lower lid a flap, the upper and 
inner borders of which are free. The cilia on the upper border of this flap are 
in our way, so we abscise them and their bulbs with scissors applied on the flat. 
Now we turn to the upper lid and make an intermarginal incision at the outer 
canthus. The bed of the cilia is then ablated by vertical cuts with the scissors 
at each end of the intermarginal incision, connected by another incision through 
the skin running parallel to the margin of the lid. Thus we have produced a 
raw surface on the upper lid to which it is intended that the skin flap of the 
lower lid shall adhere by its raw surface. Both ends of a thread armed with a 
needle at each end are then passed through the upper lid from the conjunctiva 
forward near its free margin, thus leaving the loop of thread to lie on the 
conjunctiva. The ends of the thread are now passed from the raw surface 
through the skin flap of the lower lid and tied over a glass bead. In this way 
the base of the flap on the lower lid is kept pressed against the raw surface of 
the tarsus of the upper one. A few more sutures are then introduced to unite 
the edge of the skin flap with the edge of the wound in the upper lid. When 
a tarsorrhaphy is necessary at the inner canthus we excise with forceps and 
scissors a strip of skin from both the upper and lower lid in such a way that 

* A valuable modification oi this operation, susrsrested by Aanew and called by him 
cantholysis, is to make the canthotomy in the manner described, to then introduce the 
points of a small, strong, fairly blunt pointed pair of scissors vertically upward in the 
wound, between the skin and conjunctiva of the upper lid, so as to enclose between 
them the upper can thai lisrament, which is then divided. To do this the upper lid is put 
on the stretch by being: pulled toward the nose. The lid is relaxed very much more by 
this operation than by the simple canthotomy, and is particularly indicated when relief 
from the pressure of the lid upon the eyeball is desired. — F. 
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the wounds converge toward the inner canthus and meet there in an acute 
angle. The margins of the wound are then united. In order to obtain a good 
result from a tarsorrhaphy both eyes must be kept quiet under a bandage for 
several days. 

In ectropion the lower lid may be lifted somewhat by means of a tar- 
sorrhaphy, but such an operation is frequently insufficient. The operation is 
often of use in lagophthalmos due to facial paresis. 



75. Ectropion and Its Treatment 

In both of these cases the lower lid is everted so that the conjunctiva tarsi 
is visible, though to different degrees and from different causes. 

The first patient is an old man who has developed this malposition of the 
lower lid as the result of the chronic catarrh from which he is suffering. In 
the other patient the condition is due to a severe burn of the face. From these 
two cases we may study the etiology of ectropion and two different operations 
for its correction. 

The first thing to be noticed is that the ectropion is of different degree in the 
two cases. 

At first the inner edge of the lid stands out somewhat from the eyeball, a 
condition we call cversion of the margin of the lid. Then the margin of the* lid 
gradually draws away from the eye and the ectropion becomes partial, or total. 
It may, for example, be confined to the outer portion of the lid, and may affect 
either one eye or bo^th. 

From the moment the conjunctiva tarsi is no longer in apposition with the 
eyeball, but is exposed to the air, injuries are produced which render the con- 
dition worse. The conjunctiva tarsi does not bear well exposure to the air, 
but becomes hypera*mic, swollen and inflaxi:ed. The thickened conjunctiva 
presses the lid still farther from the eyeball and increases the ectropion. 

The punctum lacrimalium is naturally turned outward from the eyeball 
with the margin of the lid, and epiphora is produced. The overflowing tears 
cause excoriations of the skin and a dermatitis, which renders the skin of the 
lid heavier and helps to pull it down. These factors play a more or less 
important part in all forms of ectropion, but in other respects the primary 
causes may be very different and they must be diagnosed if treatment is, to be 
properly directed at the commencement of this disease. 

There are four different kinds of ectropion: 

1. Ectropium spasticum. 

2. Ectropium paralyticum. 

3. Ectropium senile. 

4. Ectropium cicatriceum. 

1. Ectropium Spasticum 

Spastic ectropion is met with principally in children suffering from bleph- 
arospasm caused by an eczematous conjunctivitis. 

In childhood the skin of the lid is still tense and elastic, and tends to draw 
the margin of the lid toward the margin of the orbit. If a marked swelling 
of the conjunctiva presses the lid outward from the eyeball the lid may be 
everted by a considerable spasm of the orbicularis. A complete eversion of the 
lid is not uncommonly seen when we separate the lids of such a child. Usually 
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the upper lid is affected alone, less commonly both lids, or the lower one only. 
Once the lid is everted, the peripheral bundles of the palpebral portion of the 
orbicularis contract about the everted part of the tarsus and hold the lid in this 
position. A venous engorgement is produced and then the everted lid forms a 
thick, red swelling. Formerly such an ectropion with much swelling of the 
conjunctiva was called ectropium sarcomatosum, a designation that is super- 
fluous and may give rise to error. The palpebral fissure is completely closed 
and all muscular efforts, in crying or squeezing, increase the ectropion. 

In the beginning of a spastic ectropion the physician may first try to replace 
the everted lid by lifting up a vertical fold of skin, drawing down the margin 
of the lid and pressing back the swollen conjunctiva; then fixing it in place by 
means of a bandage. This conservative procedure is aided by treatment of 
the conjunctivitis, and the rendering anaemic of the conjunctiva by means of 
one of the preparations from the suprarenal capsules. A provisory cantho- 
plasty is frequently needed. 

SneUen^s suture may be used in obstinate cases of ectropion of the lower lid. 
One end of a thread, armed with a needle at each end, is introduced at the top 
of the everted transition fold, passed behind the lower margin of the tarsus and 
then through the lid in front of the lower margin of the orbit out upon the 
cheek; the other needle is then introduced and passed in the same manner a few 
millimetres distant from the first. A second suture may also be placed near the 
inner canthus. The ends of the threads are then tied over a roll of cotton 
tightly enough to produce a slight degree of entropion. The eye is bandaged 
and the sutures allowed to remain for several days. 



n. Ectropium Paraljrticum 

This form is met with in cases of facial paresis, and naturally the lower lid 
alone is affected. Treatment is directed primarily against the facial paralysis, 

while the eye is bandaged during the 
night to prevent desiccation of the cor- 
nea. If the facial paralysis does not 
improve, a tarsorrhaphy may ameliorate 
the condition of lagophthalmos, and 
SzymanowskVs operation for ectropion 
may be recommended if it is necessary 
to elevate the lid still more. 

An intermarginal incision is made in 
the lower lid for a distance determined 
by the amount of shortening required at 
Fig. 57.— Operation for Ectropion after the outer canthus. A triangular flap of 
Szymanowski. skin is then excised close to the outer 

canthus, as shown in the illustration. 
The skin near the margin of the wound (a b) is undermined, the points (a) 
and (c) are united and the raw surfaces covei'ed. 




nL Ectropium Senile 

Several factors take part in the production of senile ectropion, such as is 
present in this old man. In the first place the strength of the orbicularis not 
infrequently fails, in such old people, until it can no longer hold the lower lid 
in apposition with the eyeball. In the second place the skin of the lids in such 
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people 18 relaxed. In the third place a chronic conjunctivitis, a lacrymal 
disease, or a combination of the two may be added. In consequence of the 
weakness of the orbicularis, the weight of the relaxed skin and the swelling of 
the inflamed conjunctiva, the margin of the lid draws somewhat away from the 
eye, the eye lacrymates and the patient begins to wipe it, but instead of wiping 
it from below upward, to press the lid into place, he wipes it from above down- 
ward and increases its malposition. The extent of the tarsal conjunctiva that 
comes in contact with the air constantly increases and becomes thickened by 
papillary hypertrophy. The overflowing tears Anally excite a dermatitis which 
by increasing the weight of the skin increases the ectropion. This is the con- 
dition in our patient. The hypertrophic conjunctiva is much thickened and 
contains numerous dark red, papillary elevations. If the condition is allowed 
to persist the conjunctiva gradually loses its character of mucous membrane, 
its upper surface becomes dry and lustreless, crusts form upon it and the 
epithelium appears almost horny. 

At the beginning of this disease the patient must take care to wipe his eye 
always in the right direction. The chronic conjunctivitis and the lacrymal 
disease must be treated if present. When the conjunctiva tarsi is considerably 
thickened the application of the mitigated stick of silver nitrate forms an efficient 
remedy for an incipient ectropion. It should be applied, the casting off of the 
crusts awaited and then applied again. The use of the mitigated stick of silver 
in conjunctival diseases is highly objectionable, as a rule, but in this condition 
it often gives excellent results. An operation is necessary if an ectropion is too 
far advanced for this procedure to be of service. 

The simplest operation is to excise a fold of the tumid conjunctiva. The 
incisions should converge downward and be carefully sutured. This is suflicicnt 
in many cases, but in others a more complicated method is required. KuhnVa 
operation, as modified by Dimmer^ is a very good one. 

After cocain and adrenalin have been injected the middle of the lower lid is 
split along the intermarginal space. Kuhnt now excises a triangular piece of 





^ Fig. 69.— After Closure of the 

Fig. 58.— The Incisions. Marsrins of the Wound. 

Operations after Kuhnt and Dieffenbach, 



tarsus and conjunctiva from the ends of this intermarginal incision, its apex 
lying in the transition fold. If this wound is now closed with sutures a vertical 
fold will be formed in the skin. To avoid this and at the same time to shorten 
the lid more satisfactorily, the intermarginal incision may be continued to the 
outer canthus, a triangular piece excised from the tarsus and conjunctiva, and 
then a triangle X)f skin, with its base forming a prolongation of the palpebral 
fissure, may bo removed near the outer canthus. The superabundant skin in the 
middle of the lid can then be slid toward the temporal side to fill in the defect* 
Thus a triangle of tarsus and conjunctiva is excised from the middle of the 
lid and a second triangle of skin from near the canthus. 
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IV. Ectropium Cicatriceum 

In this case the ectropion is ttue to the tension of the cicatririal skin of the 
lid. The degree and extent of a cicatricial ectru- 
pion varies greatly, as might be expected from tln' 
manj- causes that produce it. A conKidcrnble ilc- 
gree of tension induced h_v an eczematous inflam- 
matinn of the skin may cause a slight degree of 
ectropion, but the diseases of the lids that arc 
principally to be taken into account are those which 
result in necrosis and loss of tissue in the skin of 
the lids and face, such as wounds, burns and lupus. 
The cicatricial contraction of the skin of the face in 
lupus produces the highest degree of "cicHtricial 
ectropion. Anthras, syphilis and gangrene of the 
skin of the lid occasionally produce it. It may 
also result from diseases of the bones at the margin 
of the orbit. It is not at all rare to sec a fistula 
cause an inclusion of the skin in the bony cicatrix 
vhich finally leads to an eversion of the lid. Such 
bone disease and partial ectropion is usually met 
with at the outer canthus. It is evident from Ibis 
that the treatment of a cicatricial ectropion must 
vary in different cases. If it is necessary to cover 

a large area after the cicatricial tissue has been FiG. 60.— Cicatricial Ectropior 
extirpated we have at our disposal two j)rocedures : 
blepharoplasty with pedicled or with nonpedicled flaps. 
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'oplatty Ttith Pcd'icled Flaps 



The advantages of this operation over that with flaps without pedicles are that 
the healing is more certain and that the contraction of the flap is not as great, but 
it has the disadvantage that the flap must be taken from the immediate vicinity 
of the eye, so that scars have to be added to those already present, which is. 
contraindicated cosniettcally. When the surrounding skin is cicatricial it 
cannot be used for flaps. Every clinician will admit that the results of plastic 
operations with pediclcd flaps are more certain and reliable. The operation of 
FrUke, in which a tongue shaped flap is formed with its base at the end of the 
loss of substance, is an extremely good one, but care must be taken that the 
base is broad enough, that it is not constricted too much, and that the sub- 
cutaneous fat is preserved with the vessels contained in it, as well as possible for 



the nutrition of the flap 
of flaps with subcutane> 
Axenffld. 

Dieffenbacb't operatii 
of substance is in the fon 



I have had good results also from the cushioning 
s fat, according to the suggestion of Silex < 



is applicable chiefly to th« lower lid when the loss 
of a triangle with its base toward the margin of the 
lid. An incision is made prolonging the base of this triangle toward tlie temple, 
and from its end another is made downward, parailel to the outer side of the 
triangle. The flap thus marked out is dissected up and moved over nasally to. 
cover the triangular loss of substance in the. Iflw^r lid. 
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BUpharoplatty with Nonpedichd Flaps 

The following points must be observed in order to sueeessfully perform a 
blepharoplasty to restore parts of tbo lid, especially of the destroyed skin. 

1. The margin of the lid is to be npiired as much as possible in the excision 
of the cicatricial tissue, because the preservation of the palpebral fissure is 
absolutely necessary. 

S. The cicatricial tissue must be removed as completely as possible, and 
the lid mobilized. All of the cicatrix, even in the subcutaneous cellular tissue, 
must be removi-d down to the margin of the orbit and the fascia taraoorbi talis, 
for if it is left, and continues to contract, the flaps placed upon it will contract 

3, AU transplanted flaps contract, even when there is no subjacent 
cicatricial tissue: therefore a flap should be made at least a third larger than 




Fig. 61. --Plaelic Operation fiir Ectropion Cicatriceum. 
Biffht Eye.: No^pedicled Flap, Later Tarsorrhaphy of Roemer. 



the space to be covered. When an operator lias no measuring instrument 
devised for the purpose he can cut out the form of the defect to be covered 
in rubber tissue and lav out by this the flap to Ih? taken. 

i. Usually it is neeessarv to suture temporarily the palpebral fissure in 
order that the transplanted tissue may quietly adhere. In this case we will 
take a large piece of the entire thickness of the cutis, because it contracts less, 
slide it over the bared surface, and slip its edges beneath the undermined cdf^cs 
■of the defect. The dressing must he aj»plied carefully without pressure. In 
grave cases such grafts nuist be rcnoHid friHiui-ntly and have to he repaired. 
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A great deal of patience is demanded, but finally both the surgeon and the 
patient are satisfied. The illustration shows the result of such an operation 
with a nonpediclcd flap supplemented by a blepharorrhaphy. 

76. Entropion and Its Treatment 

This old man was operated on for cataract a few days ago. Normal healing 
was impeded by the fact that when the eyes were closed, especially under the 
liandage, the lower lid turned in so that the lashes and the skin rubbed upon 
the eye and caused irritation. 

This other patient has trachoma, which has likewise produced an inversion 
of the margin of the lid. The lashes grow abnormally far backward and rub 
against the surface of the eye; they vary greatly in size: some are very fine, 
fiome like bristles, and are no longer arranged in a normal row, but are doubled 
in some places. In an entropion like this the lashes and the skin of the lid 
scour the eye; the defects thus caused in the epithelium of the cornea may 
become infected, and this mechanical irritation in trachoma often leads to 
pannus. The treatment of these forms of inversion must diflTer in accordance 
with the cause. 

We understand by entropion an inversion of the free margin of the lid. It 
is caused in one of two principal ways, so we differentiate between an entropium 
spasticum and an entropium cicatriceum. 

Etiology of Entropium Spasttctum 

In our first patient the margin of the lid turns in when the eye is closed, 
without any special spasmodic contraction of the orbicularis, and as no entropion 
can be produced in the healthy eye by the most spasmodic closure of the lids, 
it must be caused by something else. 

The first factor in its production is a relaxed, folded condition, a loss of 
elasticity of the skin, a senile change. Spastic entropion is met with most 
frequently in old age and has therefore been called senile entropion, but it may 
also occur in other forms of blepharospasm in which the skin is relaxed, as in 
hysteria. The relaxed skin may be drawn along and the entire lid turned in. 

The second factor is to be found in the contraction of the orbicularis. The 
palpebral portion of the orbicularis surrounds the palpebral fissure in such a 
way that the concavity of its arch is directed downward in the upper lid, upward 
m the lower, and the palpebral fissure is pressed together by the contraction 
of its fibres. In the tarsal portion of the orbicularis the concavity of the arch 
is directed backward and maintains the apposition of the lids upon the eyeball. 
So long as both of these parts are balanced the arrangement is most beautiful, 
but as soon as the bundles of fibres close to the margin of the lid preponderate 
the margin is pressed backward more strongly, is bent inward, and spastic 
entropion is produced. After an enucleation, when the lid has lost the support 
afforded by the eyeball, an entropion may readily be produced, which is known 
as entropium bulbale. In this case the bandage suffices to support the pressure 
with which the fibres of the orbicularis drags back the margin of the lid with 
the relaxed skin. In other cases there is to be added a loss of the elasticity of 
the tarsus and a forcing away of its upper convex margin from the eyeball by 
a swelling of the transition fold, particularly in the blepharospasm caused by 
cczematous conjunctivitis. Tlic development of this form of entropion is also 
favored by a blepharophimosis. 
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Treatment of Entropium Spasticwm 

The right treatment cannot be given a case of spastic entropion until its 
cause has been ascertained. The entropium bulbale of anophthalmos is obvi- 
ated by the introduction of a prothesis. In such a case as this one it sometimes 
suffices to draw down the skin of the lid frequently. The lower lid may be 
painted with collodion in order that when dry it may act upon the lax skin, or 
the lid may be drawn down by strips of adhesive plaster applied from close to 
the cilia downward and outward upon the skin of the cheek. If none of these 
measures are successful and the case is thought to be one of only temporary 
entropion, a thread may be introduced in the following way. 

Take a suture armed with a needle at each end; introduce the first needle 
about 3 mm from the margin of the lid, pass it down beneath the skin and bring 
it out about 15 mm vertically below the point of insertion. Pass the second 
needle close to the first in the same way, so that the loop of thread lies on the 
skin near the margin of the lid. The ends of the suture are then to be tied 
over a small drainage tube, or a roll of cotton, with sufficient tightness to pro- 
duce a slight degree of ectropion. The skin is shortened vertically by this 
enclosure of a fold by the thread. When the thread remains long enough, and it 
is necessary that it should remain several days, tense bands are formed along it 
which oppose the contraction of the orbicularis. Several such threads may be 
introduced to strengthen this effect. This operation suffices only in cases of 
transient, spastic entropion. 

Another way in which the thread may be introduced is the SneUen-Stellwag 
method. Both needles are entered at the deepest place of the transition fold 
of the conjunctival sac and passed directly out through the skin, leaving a 
loop in the conjunctival sac parallel to the margin of the lid. The needles are 
then reintroduced in their wounds of exit, carried vertically upward between 
the skin and tarsus, brought out close to the outer edge of the lid and tied over 
a little roll. This operation can be performed only on the lower lid. 

A horizontal fold of the lax skin may be excised in more obstinate cases. By 
means of the cicatrix the skin of the lid is shortened vertically and tension is 
made on its margin. The fold removed must not be too broad, or an ectropion 
may be produced. The part of the orbicularis nearest the margin of the lid 
mav be excised to increase the effect and lessen the tension of this muscle. 

In many cases the skin may be displaced horizontally in order to draw out- 
ward and backward the margin of the lid. A horizontal incision is made 
parallel to the margin, then two incisions converging downward from the ends 
of the first, and the included triangular piece of skin is excised from the middle 
of tlie lid. The two legs of this triangle are then sutured vertically. In 
cicatricial entropion the methods of procedure are entirely different. 

Etiology of Entropium Cicatriceum 

Every disease of the conjunctiva that results in cicatricial contraction may 
produce cicatricial entropion. The most common cause is trachoma, other 
causes are pemphigus and burns. 

As the conjunctiva contracts the margin of the lid is drawn toward the 
eyeball, the inner edge is worn off and gradually the intermarginal space .is 
obliterated. The cilia at first touch the eyeball only with their tips, but finally 
rub back and forth upon it with their shafts. Thus a pure entropion may 
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occur in which the cilia are intact. Usually, however, the margin of the lid 
•md the bed of the cilia are simultaneously diseased and entropion and trichiasis 
occur together. The margin of the lid itself is deformed, so we must 
examine every case to ascertain whether it is a case of pure entropion, or of 
entropion and trichiasis combined. The consequences of cicatricial entropion 
are the same as those of the spastic, only much more serious ; pain, sensation of 
i\ foreign body in the eye, ulceration and pannus. The only treatment is 
operative. 

Operations for Cicatricial Entropion and Trichiasis 

Trichiasis is present in most cases of cicatricial entropion, and quite a 
number of operations have been proposed and recommended to obviate both 
conditions at the same time. 

If there is little or no trichiasis Hotz* method is excellent. In this opera- 
tion the skin is drawn up with all of the cilia and fastened to the tarsus, or the 
tarsoorbital fascia. When performed on the upper lid the first incision forms 
a curved line across the entire lid following the convex upper margin of the 
tarsus. This arched line may be seen on the closed lid as a wrinkle in the skin, 
which begins about 9, mm above the inner canthus, rises to the middle of the 
'lid, and then falls away to the outer canthus. If the lid is drawn down hard 
this curved line is made straight and the knife may be drawn horizontally from 
a point 1 mm above the inner to 9, mm above the outer canthus. The upper 
margin of the wound recedes. We now cut through the orbicularis along the 
lower margin of the wound until the reddish yellow color of the tarsus comes 
into view, the upper margin of which is easily recognized. The tarsoorbital 
fascia need not be cut. The palpebral is thus separated from the orbital por- 
tion of the orbicularis. To bring the palpebral portion more plainly into 
view the lower margin of the wound is drawn down and then a strip of the 
muscle, about 3 mm broad, is excised from one canthus to the other with forceps 
and scissors. The margin of the skin and the upper part of the tarsus must 
be cleansed of all muscle fibres, and then the lower margin of the wound is sutured 
to the upper margin of the tarsus. The sutures are introduced through the 
lower margin of the wound upward, beneath the upper border of the tarsus 
through the aponeurosis, passed still higher to include the upper margin of the 
tarsus, and finally brought out through the skin of the upper margin of the 
wound. Fibres of the orbicularis must not be included in the suture. The 
threads are then tied. 'On the lower lid the incision is made about 3 mm from 
the free margin of the lid, and it is best to excise a fold of the skin at this place 
if it is superabundant. After the muscle has been abscised and the fascia tarsi 
laid bare, the sutures are introduced in the intermarginal space behind the cilia, 
carried beneath the fascia tarsi to the lower end of the tarsus, and passed out 
through the skin. When the sutures are tied the tarsus is stretched and the 
cilia are bent outward. 

When trichiasis is associated with entropion I prefer the operation I learned 
from my former teacher Vossiiis. Jaeger^s horn plate is placed beneath the 
upper lid, which is pressed firmly upon it to render it bloodless, while an inter- 
marginal incision is made from the inner to the outer canthus. This incision 
is md,de of full length even when we have to deal with a partial trichiasis, for 
the results obtained after an incomplete intermarginal incision are not as good. 
In this way the margin of the lid is split into two lamins, an anterior that 
contains the normal or abnormal cilia, and a posterior, which contains the 
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tarsus and the Meibomian glands. This incision must be about 4 niiu deep ainl 
must gape. Various methods of grafting have been tried to give the necessary 
breadth to the deformed and now gaping intermarginal space in order to turn 
the cilia awaj from the eyeball. Some ophthalmologists use mucous membrane 
from the lip, others have taken pedided and nonpedicled flaps from the Yicinity 
of the eye. If the flap is taken from the skin of the lid itself, the outer edge 
of the lid is dissected upward obliquely from both angles of the wound, for a 
distance of 5 mm, and then a flap of skin is formed broad enough to conyeniaitly 
All the gaping space, about 4 mm broad, by two parallel incisions akmg the 
margin of the lid. This flap is now dissected up until it forms a flap attached 
at each end, wliich may be shoved over the outer edge of the lid and laid in the 
gaping wound in tlie intermarginal space. The wound in the skin left by the 
removal of tlie graft is closed with sutures, the flap is carefully arranged in 
position, and fixed by numerous fine sutures to the anterior and posterior 
lamina*. I agree with V<}ssiu$ that this operation complies with the cosmetic 
requirements: the scars are invisible, the flap heals faultlessly and prevefats the 
orbicularis from turning the cilia again toward the eye. One advantage of 
this flap over grafts of mucous membrane is that it does not shrink so much. 
If a lash should grow in because its root has been cut it may be destroyed by 
electrolysis. This operation cannot be performed when the skin of the lid con- 
tains many fine hairs. The sutures may be removed after a few days during 
which the eye is kept quiet under a dressing of ointment. 



77. Tuberculosis and Syphilis of the Eyelids 

I. Tuberculosis of the Skin of the Eyelid 

Clinical observation has shown that lupus rarely starts in the skin of the 
lid itself, but usually extends to it from the skin of the face. Lupus is one of 
the diseases that is not arrested at the margin of the lid, but extends beyond 
it. It is a disease of special interest to us because of the serious consequences 
produced by it in the lids. It causes great destruction of the skin and results 
in extensive cicatrization, which produces iK'tropion frequently. The ectropion 
is starte<l primarily by the cicatricial contraction in the skin of the lid, but it is 
increased in manv cases bv the tension of the cicatricial skin of the fac^e. 
Associated with the ectropion we meet with serious changes in the bed of the 
cilia, loss of the intermarginal space and trichiasis. 

At the conimencenient of the disease rather broimish places, as large as 
the head of a pin, or of a hemp seed, are to be seen in the skin. These infiltra- 
tions may he flat (lupus planus), or elevated above the surface (lupus nodu- 
laris). If it is scaly it is called lupus pityriasiformis, or exfoliativus. As the 
disease progresses the re<lness disappears, and a small whitish area of contrac- 
tion appears in the skin. When new nodules form aliout such cicjitricial places 
we have lupus circinatus, or when the extension is more rapid and diffuse, lupus 
sQrpiginosus. As the lupus nodules break down ulcers are foniietl. which pre- 
sent a typical appearance, with sharp margins and bluish bases, covered in 
places by granulations: they arc superficial and leave behind broad scars. One 
form, lupus disseminatus follicularis, exhibits a certain similarity to the nodules 
of acne. 

Lupus is not the only form in which tuberculosis may present itself in the 
skin of the lid. Little noilules appear and in a comparatively short time break 
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ilown into Uicei's, the margins of which are riitlicT red, bu( little infiltriited, and 
Ihe buses of which arc covered with soft, vellowish granulations. New nodules 
iippcar in the vicinity, soon hroak down iind cause an extension of the ulcer. A 
ft.vorite seat of such ulrers is the inner half of the lower lid- In such a case 
ne have to notice whether the disease is a {irimary one of the lid, or secondarv 
to a tuberculous ulcer of the conjunctiva tarsi, for the tubercle bacilli from the 
conjunctiva may infect the macerated skin, and such ulcers may occasion serious 
changes in the margin of the lid. Tuberculous ulcers should be curetted with 
a sharp spoon and be dressed with iodoform. ' 

The eyehds suffer from tuberculosis still more frequently when the pu* 
tinds its way througli the lid and establishes a tuberculous fistuln from a tubercu- 




Fig. t>2. ^Ectroptum Cieatriceum Caused by Lupus of the Face. 



loUB periostitis of the margin of the orbit. Such fistula- arc most fretjuent i» 
* connection with tuberculosis of the lacrymal sac. The long duration is charac- 
tcristic, the fistula' are filled with spongy granulations and new infectious mar 
extend to the neighboring skin. The fistula' and the lacrymal sac should bi.' 
carefully extirpated, the diseased bone removed and, when necessary, a plastic 
operation performed. Tuberculous fistulffi very often cause ectropion. Lupux. 
tuberculous ulcers and fistula' are the commonest forms of tuberculosis in the 
eyelid. Scrofuloderma is observed much more rarely in the lids of childri'n. 
This disease begins as a movable nodule as large as a hazel nut or bean, which 
brcaJcs down in the middle, ruptures and evacuates some pus, leaving an ulcer 
within which are granulations that contain tuliercle bacilli. Equally rare arf 
the chalky tuberculous nodules in the Hiihi-titis of the lids which are perfectly 
unirritnting. Tliiir naturi' is lirniii! first fnun anatomical examination. 
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IL Syphilis of the Eyelid 

I shall mention briefly the essential points of syphilis of the eyelid not only 
to round out our studies of the diseases of the lids, but also to urge the need of 
care in the treatment of syphilitics. It has happent-d repeatedly that physi- 
cians have been inoculated with syphilis while engaged in the practice of their 
profession, and have had chancres of the eyelid develop from mucus coughed 
into their eyes while they were making applications to the throats, or larynges 
of patients. Other methods by which the lids are infected are by kissing, by 
the use of infected handkerchiefs, by vicious customs, such as licking sore eyes 
with the tongue, and sexual perversions. All the characteristic manifestations 
of the primary, secondary, or tertiary forms of syphilis may be met with on the 
eyelids. The symptoms of hereditary syphilis on the lids resemble in many 
ways those of the acquired disease, so it will suffice to speak only of the latter. 

1. Chancre of the Eyelid 

Chancres arc usually met with in the intermarginal space of the lid, and 
are rather difficult to recognize at first. A chancre stai^ as a dense infiltration, a 
reddish papule, and the attention of the careful observer is finally attracted by 
its obstinacy and peculiar hardness. The thickening of the margin of the lid 
increases, the epithelial covering is thrown off and the erosion begins to weep; 
the skin of the lid becomes swollen and crusts begin to form. The surface of 
the erosion bleeds easily, or appears peculiarly moist and lustrous, while the 
infiltration increases, the tissue surrounding the ulcer is as hard as cartilage, 
the margins of tlie ulcer are wall like, its base has a dirty coating and the 
nature of the primary sore can no longer be mistaken, v. Michel has pointed 
out that several infiltrates that break down into pus may be formed in the 
vicinity of the ulcer. When the crust is removed from such an ulcer the base 
looks peculiarly lardaceous. A second chancre may develop in the correspond- 
ing place on the other lid. The swelling extends, the inflammatory irritation 
causes a great increase of the conjunctival secretion and the clinical picture 
becomes threatening. 

About two weeks after the appearance of the primary lesion a slow, pain- 
less swelling of the lymphatic glands in the vicinity fonns an evidence 'of the 
commencement of the general infection. It has been observed frequently that 
when tlie chancre is in the middle of the lid the submaxillary gland swells first 
when it is in the outer portion the preauricular gland is first afFected; this 
corresponds to the division of the lymphatic vessels in the lid. The chancre 
may spread to the conjunctiva as the infiltrated tissue breaks down. A hard ' 
scar remains after the ulcer has healed and a pennanent partial alopecia mav 
be left, but the lashes grow again in many cases. Timely specific treatment is 
naturally important. 

2. Secondary Stage of Syphilis of the Eyelid 

Papules are apt to develop on the covering fold of the skin of the upper lid 
in the secondary stage of acquired syphilis, especially near the outer canthus 
When the papules are small, nodules of the size of a pin's head are arranged in 
groups, or circles, when large the nodes are larger. They are of a p^iar 
Copper color, but when they exfoliate the color is changed to a dirty y el lot 
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and the condition is then called a papulosquamous syphilide. A brown spot 
remains for a long time wherever a papule has been situated. The diagnosis 
is easy when this exanthem is present elsewhere on the skin, but it sometimes 
happens that the skin of the eyelid is the only place where the eruption appears. 
The eyelashes and eyebrows not infrequently fall out with the onset of the 
secondary symptoms. 

3. Tertiary Symptoms of Syphilis of the Eyelid 

Firm, brownish, smooth nodules may appear on the margin of the lid in 
the tertiary stage of syphilis. Such a node is a superficial gumma, or a ter- 
tiary papule. It is usually obstinate, though it may be resorbed after 
causing the cilia to fall out, or it may break down and give rise to an ulcer 
which spreads and destroys a large part of the margin and skin of the lid. A 
gumma may also be situated in the deeper layers of the subcutis, where it 
forms a large, roundish node, which may break down in a very short time, 
causing a deep ulcer associated with severe inflammatory symptoms. The 
differential diagnosis between this and a tuberculous or a carcinomatous ulcer 
may be difficult. In a tuberculous ulcer the soft granulations must be noticed, 
in carcinoma the destruction of tissue is much slower than in a softened gumma;- 
in doubtful cases the effects produced by large doses of potassic iodide may be 
awaited and above all recourse should be taken to Wassermanri's reaction. 



78. Malignant Tumors of the Eyelid 

This patient, 73 years old, has had a malignant growth on his right lower 
lid for two years. It developed gradually and has reached its present size in 
spite of the caustics, curettage and irradiation employed by his physician. It 
began as a small, hard node; now the entire lower lid, from one canthus to the 
other, has been replaced by an ulcer covered with crusts, which bleeds easily 
and excretes pus. The ulcer involves the lower transition fold and even a part 
of the conjunctiva bulbi. Its margins are thick, elevated and very hard; its 
surface is irregularly rough and granulating. No trace of the caruncle can 
be seen at the inner canthus, where a piece of the skin as large as a cent has 
also been destroyed. The eye has become very irritated because the absence of 
the lower lid renders closure of the eye impossible. From the age of the patient, 
the beginning and course of the disease and the nature of the ulcer it may be 
correctly surmised that this is a carcinoma of the lid. The lymphatic glands 
in the vicinity are intact in this case. 

The malignant tumors met with on the eyelids are carcinoma and sarcoma. 

L Carcinoma of the Eyelid 

The commoner form is carcinoma. It usually appears on the lower lid and 
by preference at the inner canthus. Its progress is extremely slow. A clinical 
differentiation may be made between a superficial and a deep form. It usually 
starts as one or more hard nodules on the margin of the lid. As the superficial 
form extends the epidermis is thrown off in one or more places so as to form 
erosions that are moist at first, but soon become covered with crusts and scabs. 
A true cancerous ulcer gradually develops from the erosion through infiltration 
and necrosis. The base of the ulcer is irregularly segmented, one part giving 
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rise to papillary excrescences while in another cicatrization accompanies the 
extension of the cancerous infiltratian. Firm connective tissue is fomied and 
the healthy skin of the Ud may be thrown into folds by the cicatricial cai^ 
fraction. Such cancerous ulcers not rarely become skinned over with epiclernnfl 
but healing does not follow. The margins in this case are ntuddcd with bartf^ 
nodules. In the deeper form tlie process is more rapid. The nodes in the 
margin and floor of the ulcer spread: the cancer involves the neighboring skin 
and the eye itself is in danger. In this patient the carcinoma has involved the 
palpebral conjuncliva, destroyed the entire lid, even the bulbar conjunctiva is 
no longer intact below, and the danger to the cornea from desiccation and 
ulceration in such a higophtiialmos 
hardly needs to be pointed out. A cap--, 
cinoma in the vicinity of the eye may ji 
volve the lid secondarily. Other poiiH 
in the clinical picture of cancer of the t' 
are that it is met with only in old age, 
nsually between the ages of 50 and 70, 
that the lymphatic glands in the vicinity 
are very rarely involved and that f 
shows no tendency to metastasis, 
far as life is concerned this form of cai" 
ft may he called benign. 
This benign nature of carcinoma of 
the lid has ltd to many attempts to 
cure it without operation, by means of 
cautcrimtion and such caustics as xinc 
chloride, lactic acid and arsenical paste. 
Recently treatment with tlie X-rays 
and with radium has been recommended 
and tried a great deal, but, aside from 
the fact that the therapeutic use of these 
chemically acting rays is not easily 
applicable to the eye, I must say that 
the results that have come nnder my 
observation are not very satisfactory. This patient has been treated in such 
a manner for a long time. I can say nothing of the brilliant results that arc 
frequently reported, hut I would not advise much time to be lost in trying these 
methods. After its trial, as before, treatment consists only in the radical, surgi- 
cal extirpation of the tui 

Histologically, carcinoma of the lid may be either an epithelioma with 
characteristic epithelial pearls, or an adenocarcinoma which originates from 
the glands of the lid. We find among them tumors which show only a slight 
Hnaplasia of cells and only a slight depth, and others with very marked 
anaplasia and extremely multiform cells. The adenocarcinoma has a glandular 
construction in which cornification is absent. Usually the epithelial cones can 
be seen to penetrate in great numbers and can be sharply differentiated against 
the connective tissue portion of the skin. They contain processes of softening 
and signs of necrosis. 

Besides carcinomata wc find in the lids tumors which present the same clinical 
picture, but are recognized microscopically to bo endothehomata, from the pre- 
<lominance of the proliferated, endothelial cells. They likewise occur only j 
old age. 
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SARCOMA OF THE EYt:LID 



n. Sarcoma of the Eyelid 

Sarcoma may be clinically distinguished from carcinomfi of the lid first by 
its malignancy. It is met with at all ages. Samelsohn reported a sarcoma of 
the lid in a child ten months old. On the whole these tumors are rare. The 
commonest form is the round celled variety which at first greatly resembles 
cbalazion, but its rnpid growth and the necrotic destruction of its interior, 
sometimes with hemorrhages, soon reveal its nature. A round celled sarcoma 
consists of narrow bftn<ls of connective tissue with cells that resemble lympho- 
cytes with large nuclei heaped tictwcen tbem. Next in frequency comes the 
melanosarconia of the lid. which often sturts from a pifrmentcd asvus. The 
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Fig, 64. — Plastic Operation on the Lid. Restoration of a Lid Destroyed by Carcinoma 
by Means of a Pedicled Flap Taken from the Forehead. 

diagnosi.s of the gray, or black brown, tumor presents no difficult^'. If the 
tumor is situated deeply it appears gray black through the conjunctiva. Not 
infrequently it springs from the connective tissue between the fibres of the 
orbicularis. Spindle celled sarcomata and myxosarcomata are much more rare. 
Among the forms met with on the lid arc the plcxiform angiosarcoma and 
cylindroma, in the construction of which other tissues are involved. These are 
pot pigmented and sometimes the diagnosis may waver between gumma and 
malignant tumor. Finally it may be mentioned that a recurrent glioma may 
"prcad to the skin of the lid and involve the parotid. Radical extirpation at 
the earliest possible moment is indicated in all of these malignant tumors. 

We first remove all of the diseased portion with enough of the neighboring 
tissue to enable us to hope that we are in healthy tissue, ubich leaves n large 
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defect. The lower lid, the lower transition fold and even a part of the con- 
junctiva buibi have been removed, as well as the entire inner canthus. This 
defect is now covered with a broad pedicled flap of considerable size taken from 
the forehead. This flap must be well nourished bv the vessels of the inner 
portion of the brow and of the bridge of the nose. It is now in place, lies 
well, covers the entire defect and its lower portion is carefully secured by 
sutures. Although the conjunctiva bulbi has been partially removed we try 
to save the eye with normal vision. It is to be expected that the upper margin 
of the flap, which is not sutured, will shrink downward and roll in somewhat, 
so that it will gradually leave bare the anterior surface of the eye. The raw 
surface left in the forehead by the removal of the flap is now covered by draw- 
ing the skin together with sutures, and by applying Thtertch grafts taken 
from the arm. After the flap has healed well in position the bridge is divided 
and the swelling produced on the bridge of the nose is removed. 

I present here a patient on whom this operation was performed after an 
extensive carcinoma of the lid had been removed. There is no recurrence and 
he can use his eye, although the conjunctival sac is very small. 



79. Benign Tumors of the Eyelid 

A number of brown, yellow, or clay colored spots covered by normal epidermis 
ip.ay be seen in the skin of both the upper and lower lids of this patient. Only 
a slight consistency can be felt in the skin. These are superficial little tumors, 
situated principally at the inner canthus of each eye, which are neither sarco- 
mata nor carcinomata, and therefore not malignant. 

The benign tumors of the lids are rather numerous and their division into 
congenital and acquired is of assistance in differentiating them. A glance at 
this chart will help in the diagnosis of each case. The question whether the 
tumor is congenital or has existed since early childliood is readily answered. 

Benlgih Tumors o^ the Eyelid 
I. Congenital II, Acquired 

1. Angiomata. 1. Warts. 

2. Lipomata. 2. Cornua Cutanea. 

3. Dermoids. 3. Fibromata. 

4. Naevi. 4. Xanthelasniata. 

5. Neurofibromata. 

I. Congenital, Usually Benign Tumors 

1. NfTX'vs of the Eyelid 

Two forms of na»vi arc met with on the eyelids : iia-vi spili, smooth, soft spots 
i}f pigment, and n«Tvi pilosi, hairv formations resembling warts which are 
sharply elevated above the surrounding surface. Pigment spots usually are 
stationary, or have only a slow growth, but their extirpation is indicated be- 
cause clinical experience has taught us thut eventually they may give rise to 
malignant sarcoma ta. A pigmented na-vus consists of na'vus cells, derived 
partly from the epithelium, partly from the connective tissue cells, which He 
heaped together with pigment cells, the lieaj)s sej)arrtted by a retifonu con- 
nective tissue. 



ANGIOMA, LIPOMA, DERMOIDS, NEUROFIBROMA SIS 

S. Angioma of the Eyelid 

These, which are easily recognized by their color, are divided into hae- 
inangioma simplex and cavemosum. The simple angioma consists of neoplastic, 
or of old, dilated blood vessels with thickened walls. They lie partly on the 
surface, partly in the subcutis and form dark red spots, or roundish tumors 
which are usually sharply defined and larger. When a child with such an 
angioma cries the tumor may be seen to swell. The margin of the lid may be 
ufFectcd as well as its surface and other angiomata may be present elsewhere in 
the body. When such a tumor is compressed it becomes smaller, but regains 
its size as soon as the pressure is removed. Although it is not malignant it 
may grow very large and give rise to elephantiasis haemangiectatica, or tel- 
angiectodes. The cavernous angiomata are those which have large hollow 
spaces filled with blood ; they may be little blue growths, or large, lobed tumors, 
and they swell whenever the return flow of the venous blood is obstructed. They 
grow slowly, but may reach an enormous size (elephantiasis cavernosa). Treat- 
ment consists of extirpation. In small growths I have obtained good cosmetic 
results from punctate cauterization with the electric cautery. I have had no 
experience with subcutaneous injections of alcohol in their treatment. The 
method of Payr, to treat these tumors by studding them with little magnesium 
points, is applicable only to cavernous angiomata, as he has always claimed. 
Lymphangiomata of the lids sometimes attain an enormous size; these are con- 
genital and consist of hollow spaces, the walls of which are lined with a single 
layer of epithelium, have a pale appearance and resemble cysts. With in- 
creased growth lobulated tumors are formed which are known as elephantiasis 
congenita lymphangiectatica. 

3. Lipoma of the Eyelid 

Lipomata are rarely met with in the lids. They form elastic tumors which 
frequently are enveloped in a connective tissue capsule and may extend more or 
less into the orbit. 

4. Dermoids 

These form firmly attached, spherical growths in the skin of the lid, situated, 
as a rule, where sutures and fissures existed during foetal life, as at the inner 
canthus, where the frontal process unites with the maxillary process, or laterally 
at the upper margin of the orbit, at the zygomatic frontal suture. Removal 
of the tumor not infrequently reveals a diastasis of the suture. Sometimes 
they are attached to the periosteum by means of a pedicle. The skin covering 
them is unirritated and movable. During extirpation of these tumors the 
operation must often be carried far into the orbit. A dermoid consists of a 
thick wall that encloses hairbulbs', sebaceous glands and sweat glands. 

5. Neurofibroma of th€ Eyelid 

Neurofibroma, the last congenital form of tumor of the eyelid, is divided by 
V. Michel into the plexiform neurofibroma, the fibroma molluscum and the 
hypertrophy of one side of the face. The plexiform neurofibroma is charac- 
terized by the fact that it always primarily affects the upper eyelid, in which 
hard cords that wind about and join together may be felt. These are also 
called vermiform, or bulbous growths. Buphthalmos is not infrequently met 
with on the same side. The tumor consists of numerous tufts of nerves en- 
veloped by a dense connective tissue capsule. The proliferation of the connec- 
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live tissues comes from the perineurium. It is remarkable that such a tumor is 
painful only in certain places. In fibroma molluscum the lid is the seat of a 
soft, pedicled tumor, usually associated with similar moUusca of the skin of 
the face and neck, in which the fibromatous proliferation starts from the 
sheaths of the subcutaneous nerves. In congenital hypertrophy of one side of 
the face there is a sharp line of demarcation between the hypertrophic and the 
normal sides. The hypertrophic side is markedly thickened and feels soft, wliile 
the upper lid is enormously enlarged and droops very low. This condition is 
frequently met with in combination with the plexiform neurofibroma and is 
almost always associated with buphthalmos. This disease is a proliferation of 
the perineurium and endoneurium of the nerves of the skin, together with a 
diffuse fibromatosis of the skin and of the subcutaneous cellular tissue. Fibro- 
matosis of the ciliary nerves plays a part in its origin. 

n. Acquired Benign Tumors of the Skin of the Eyelid 

1. Warts 

The verruca vulgaris, verruca plana juvenilis and verruca senilis have all 
been obseried on the lids. The common wart is a hard papillary growth with 
a surface that is rugous, or full of clefts. Anatomically it consists of an elon- 
gated papilla with proliferation of the stratum spinosum and thickening of 
the epidermis. The verruca plana is a flat, yellowish brown elevation met with 
in the skin of the lid and forehead particularly of young people. In old people 
vellow brown warts covered with homv scales are met with in the skin of the 
face and lids. These are of more importance than the other varieties because 
they may give rise to carcinomata. 

2. Comua Cutanea 

Horny outgrowths of the skin are rarely met with on the lids. They consist 
of proliferated cells of the epidermis with particularly marked conufication. 
They are striated either transversely or longitudinally, are of a dirty gray or 
brownish color and are formed only in old age. Both these growths and warts 
should be abscised and their bases cauterized. Acanthosis nigricans is a rare 
disease in which numerous thick papillary growths appear on the surface of 
the lid, or in the intermarginal space, at the inner canthus and may be. asso- 
ciated with a gray yellow, or brown, pigmentation of the skin of the face. 

8. FU}romata 

Fibromata are hard tumors that hang from the skin by slender pedicles. 
They are usually small and have been compared to little hanging bags. They 
may form larger nodes in the subcutaneous tissue, in which they are usually 
enveloped in a capsule. The clinical picture presented on the eyelids by 
lunnangioendothelioma tuberosum multiplex, which is also known by other 
names, is very rare. Numerous little reddish yellow nodules, of about the size 
of the head of a pin, lie scattered in the skin, with which they are movable, 
and are surrounded by fine, reddish areobe formed of ectatic vessels. These 
little growths are benign and do not exceed a certain size. 

4. Xanthelasma 

We come now to the form of tumor met with in our patient. Xanthdasma 
is a growth in the skin of the lids that develops, mainly in mi<kUe aged and oU 
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women, about the inner canthus. The little tumors may be senttered tibout 
the entire eye. There are two varieties, xanthelasma phmum and tuberosum; 
the latter is rare. The growth of these tumors is very slow and causes no pain. 
As a rule the newly appearing spots are separated from the others by normal 
skin. The cause is unknown. Anatomically they consist of heaps of certain 




Fig. 65. —Xanthelaama. 

cells, called xanthom cells, in the form of nests. The xnnthom cellx are filled 
with fat granules and ar« derived from embryonal fat cells, or from the perithe- 
lium of the vessels. The idea that xunthelnsnta is a hyperplastic development 
of sebaceous gland cells is incorrect. These tumors are removed only for 
cosmetic reasons. 

Thus it may be seen that though the benign tumors of the lid are many, 
each variety has its own peculiarities, and that it is not difficult, as a rule, to 
make a differentia! diagnosis between them. 

SO. Abnormal Discolorations of the Skin of the Lids and Their 
Diagnostic Signification 

In farmers, who work in the open air, in wind and rain, and are exposed to 
the rays of the sun in summer, the skin of the lids takes part in the diffuse 
pigmentation. We suppose that the chromatophores of the skin are increased 
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by the action of certain light rays. Where the covering fold of the upper lid 
covers a part of the skin the pigmentation is less. This kind of pigmentation , 
which depends on the action of light, we call chloasma caloricum. 

This child furnishes an example of the well known freckles: little, pale 
yellow, or dark spots in the skin of the face and lids, which grow dark with the 
advent of spring and pale again in winter. The action of light is not their sole 
cause, many families are predisposed to them. 

This other patient, a pregnant woman, presents the well known -chloasma 
gravidarum ; bright or dark brown spots lie on both sides of the forehead ami 
extend from close to the margin of the hair down upon the cheek, including 
the eyelids. In such a case the discoloration of the skin of the lids may be of 
diagnostic value, especially as anomalies of pigmentation may occur in the 
ej'elids in quite a number of diseases. 

We meet with a similar chloasma of the lids in the course of serious cachectic 
conditions due to carcinoma and tuberculosis, but it is of diagnostic importance 
mainly in exophthalmic goitre, Addison's disease, chronic arsenic poisoning 
and, in rare cases, ochronosis. 

A marked pigmentation of the skin of the lids may occur in Basedow's 
disease, or exophthalmic goitre; in Addison's disease the lids, especially their 
margins, have the same bronze discoloration as the rest of the skin. The in- 
volvement of the lids is less in the pigmentation of the very rare ochronosis. 
It need hardly be mentioned that in jaundice the skin of the lids partakes of the 
. general yellowish green discoloration. 

The internal use of silver may also cause a peculiar, pale, bluish stain of 
the skin of the lids from the deposit of silver in the uppermost layers of the 
epidermis and the membrana propria of the sweat glands. In argyrosis of the 
conjunctiva also the skin of the lower lid particularly may become discolored. 

Lack of pigment, the opposite of hyperpigmentation, is met with con- 
genitally in albinism ; the lashes and eyebrows may be white, while the skin of 
the lid is perfectly clear. 

Vitiligo is an acquired decolorization of the skin which may appear on the 
lids in the form of clear, whitish spots and may also decolorize the cilia. 

Xeroderma pigmentosum is a rare affection of the lids in which a peculiar 
piebald appearance may be given the skin by an abnormal pigmentation with 
simultaneous cicatrization. A part of the skin is dry, with numerous spots of 
pigmentation elevated above its surface, to which are added telcangeiectasies, 
and wartlike formations of a dark brown color. These may finally give rise to 
malignant growths. Xeroderma develops in children during the first year of 
life and is reported as a family appearance. The physician has little to do with 
such rarities, but the diagnostic signification of the other discolorations of the 
skin of the eyelids is useful. 
« 

81. Atrophies and Hypertrophies of the Skin of the Lid 

I. Atrophy of the Skin of the Lid 

The characteristic feature of the clinical picture presented by this young 
man is that the skin of both upper lids has become so thin that it has fallen 
into numerous fine folds, a condition that has been compared to wrinkled silk 
paper. Numerous dilated vessels shine through this thin skin and in conse- 
quence of its atony the upper lid hangs down almost like a reddened bag and 
simulates ptosis, but the margin of the lid is not lower than it should be. This 
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case presents an advanced stage. The blepharochalasis usually affects young 
persons. It begins with an attack of inflammatory oedema of the upper lids» 
which disappears after a short time and then recurs. This peculiar atony of 
the skin develops gradually. Fuchs has called attention to the fact that the 
superficies of the skin is increased; when we seize the cilia of the upper lid, 
draw it down and measure its extent the enlargement of the surface in blepharo- 
chalasis is evident. The tarsoorbital fold especially is involved. The origin 
of this disease is still unknown. The transient cBdema may be the expression 
of an angioneurosis. Excision of the redundant skin has been recommended, 
and Fuchs advises to fasten the skin to the upper margin of the tarsus by 
means of Hotz* operation in order to limit the drooping. 

This is a case of atrophy confined to the skin of the upper lid. Another 
form is one of the symptoms of hemiatrophia facialis progressiva, or neurotic 
facial atrophy, a trophoneurosis which arises from the trigeminus, the Gasserian 
ganglion, or the sympathetic. The disease consists of a partial, or total 
atrophy of the constituent tissues of one side of the face, in which both tlie 
skin and the subcutaneous cellular tissue of the lid become atrophic. 

A third atrophy of the skin of the lid is one of the symptoms of a general 
atrophy of the skin. Such an atrophy may be congenital in rare cases, because 
of an aplasia of the constituent tissues of the skin. 

The general atrophy of the skin in old men can be recognized from afar. 
This senile atrophy is particularly marked in the lids; the skin is withered, 
wrinkled and frequently yellowish. The eyeballs are deeply seated, showing 
that the orbital cellular tissue is likewise atrophic. We also meet with such an 
atrophy of the skin in cachectic conditions, as well as in cretinism. 

n. Hypertrophies and Degenerative Qianges in the Skin of the lid 

Among the hypertrophies of the skin of the lid may be enumerated acne 
rosacea, scleroderma, elephantiasis nostras and rhinophyma. Various processes 
take place in the diseased skin in acne rosacea which give rise to nodes, pustules 
and a thickening of the skin that may form the source of large outgrowths. 
The lid is involved only by extension to it of the disease. 

The skin of the lid may become thickened after repeated attacks of ery- 
sipelas, or eczema, and then the upper lid may be transformed into a thick, 
drooping swelling of a bluish red color. Changes in the blood and lymphatic 
vessels are resj>onsible for this condition. Excision of the thickened part of the 
skin must be tried in such cases as these. 

In scleroderma we have sometimes a circumscribed, sometimes a diffuse 
thickening of the skin of the lid. At first the skin is oedematous, then it hardens 
and finally atrophies. Scleroderma belongs to the diseases of the thyreoid gland. 

In myxa»denia the lids are swollen and protrude like sacs, the skin is pale 
tuid cool. 

The so called colloid milium forms a flat, nodular elevation in the skin of the 
lid and may be recognized by its striking transparency. 



82. Epicanthus and the Congenital Anomalies of the Lids 

In operations on the eyelids we have dealt principally with acquired changes 
m their form and position. It may be added that occasionally the outer canthus 
may gape so as to allow us to look into a pocket formed of conjunctiva near the 
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eyeball. It also happens in old age that pouches form in the lids over which 
the skin is very thin. According to Merkel this change is due to the fact that 
in old age all the fasciie, including the fuscioorbital septum, is stretched on 
account of atony, 

Schmidt -Rim pier has described a hernia of fat in the upper lid which came 
through a defect in the fascia and a separation of the fibres of the orbicularis. 

Finally the covering fold becomes greatly developed in old people with 
relaxed skin and wrinkles. With us the transverse fold of the upper lid hangs 
almost always from the demarcation between the orbital and the tarsal portion. 

The commonest congenital anomaly of the hds is the fold of skin which 
partly covers the inner canthus on each side of the bridge of the nose of thi" 
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child. This malformation, known as epicantlms, is frequently associated with 
other congenital faults of tjie eye. A slight degree of epicanthus tliat dis- 
appears as the body grows is seen not rarely in infants. If the epicanthus 
persists, the bridge of the nose appears to be markedly broadened and there 
is a superabundance of skin on the glabella. StrabiMnus may be simulated by 
an epicanthus, but is really present in many oases. The epicanthus may be 
partly corrected by lifting up the skin over the bridge of the nose, so f. Amman 
!<uggested the excision of an oval piece of skin at this place, but this operation 
does not give good results ; it is better to remove the folds themselves. Epi- 
canthus is divided into superciliaris, palpcbralis and tarsalis according to the 
place whence the fold springs. 

Another congenital anomaly of the lid is the coloboma, by which is under- 
stood a cleft, usually of a triangular form with its base toward the margin 
of the lid. It is met with most often in the upper lid, usually in its middle 
or in its inner segment. The margin of the cleft is covered by conjunctiva, A 



COLOBOMA 819 

dermoid of the cornea is coincidently met with not infrequently. Colobomata 
of the lid are not uniform in their origin. The beginning of the lid can be 
recognized embryologicaUy in the third month, when swellings of the skin 
appear above and below the eye, grow toward each other and unite. After this 
occlusion of the palpebral fissure the formation begins of the constituents of the 
margin of the lid, the cilia and glands, and coloboma may be considered 
as in part due to inhibition of development. Another view is that a coloboma 
is the result of early synechiae between the surface of the embryo and the inner 
wall of the amnion. According to Kraske a coloboma at the inner canthus is 
connected with the oculonasal fissure. The margins of a coloboma may be 
freshened and united. 

Other malformations of the lids are of little interest. The lids may be 
abnormally short; the highest degree of this abnormality is total absence, 
ablepharia. When the palpebral fissure remains closed the condition is called 
cryptophthalmos ; the eyeball may be either normal or undeveloped. Some- 
times the margins .of the upper and lower lids are united by only a thin cord, 
ankyloblepharon filiforme. 



VI 

Injuries of the Eye 



83. Frequency and Causes of Injuries of the Eyes and the Natural 

Devices for Their Protection 

We may refer to the statistics of the Imperial Insurance Department to learn 
the frequency of injuries of the eye in comparison with injuries of other parts of 
the body. There we find that in 1887 the eyes were injured in 914 out of a total 
of 15,970 accidents in factories, 5.73*^^, and that in 19359 accidents in the 
country the eyes were injured in 806, 4.14*^. In some trades the percentage 
is higher; it ranges from 4 to 10*^*'. In many trades there is one serious injury 
of the eye yearly among every 1,000 workmen and one injury to the eye in 
every ten accidents. But these figures include only comparative serious in- 
juries of the eye; the total number is much greater. The lodgment of liftle 
foreign bodies in the conjunctival sac is of daily occurrence; the majority of 
such patients do not seek a physician, they remove the foreign body themselves. 

In our clinic, injuries of the eye form from 6 to 12^ of the entire clinical 
material. Men suifer far more frequently from injuries of the eye than womcn» 
and the laboring class is the one most exposed to the danger, but it is a very 
remarkable fact that a large percentage of the serious injuries of the eye occur 
in childhood. It is also well to bear the fact in mind when called upon to pass 
judgment on an injury of the eye that if morbid conditions already exist in an 
eye the danger of injury, both as to liability and results, are increased. For 
example : A near sighted person, or one with impaired vision, does not instantly 
see the threatening danger, and an insignificant injury to an eye that is not 
normal may have disastrous consequences. Thus detachment of the retina has 
often been observed to follow slight injuries in myopic eyes; rupture may be 
caused more easily in an eye with ectasia of its capsule, as in buphthalmos or 
staphyloma, than in a normal eye; when vascular changes are present hemor- 
rhages are more frequent and more easily caused, and congenital or acquired 
lelaxation of the zonule favors the production of a complete luxation of the lens. 

It has been proved by a large mass of statistics that neither eye is endan- 
gered more than the other, except that in metal workers and stone cutters the 
left eye seems to be the more exposed. Injuries of both eyes are met with fre- 
quently after explosions and bums. These statistics show that the causes of 
injuries of the eye are very numerous. 

Many callings predispose directly to certain injuries of the eye. In the 
locality of iron and steel industries, tinsmiths and fine mechanical arts, injuries 
from splinters of metal, ashes and molten metal are very apt to be met with. 
Miners and stonebreakers suffer particularly from injuries by foreign bodies. 
Powder and dynamite explosions are also to be taken into account. In masons 
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and carpenters we think first of lime burns, splinters of wood and stone. The 
chemical industry furnishes bums with acids and corrosive agents. In the 
fields and forests superficial abrasions, which lead so readily to ulcus serpens, 
come to the front, though injuries from the horns of cattle, or kicks of horses, 
are not uncommon. 

Next to the occupational dangers comes the unlucky accident. Examples 
need not be quoted. Thoughtlessness and carelessness will never cease to de- 
stroy human eyes. Think of the thoughtless handling of firearms reported daily 
in the newspapers. 

Grave self inflicted injuries and mutilations of the eye, practiced in some 
countries by people who wish to avoid military service, are hardly met with 
among us, except in lunatics. Malingerers frequently place irritating sub- 
stances and foreign bodies in the conjunctival sac in order to give plausibility 
to ascribed troubles, 

A conception of the social importance of injuries of the eye may be obtained 
from figures that show how frequently such injuries are the cause of blindness. 
Magnus found injuries to be the cause in 8.05^ of 3,204 children blind in both 
eyes. The percentage is given as greater in other statistics, 10%, 20*^ 
luid upward. 

Another means by which we may measure the consequences of injuries of 
tlic eye is the number of enucleations after traumatism. Statistics show that 
from 60 lo 70% of all enucleations are performed because of injuries and of 
their consequences. 

The frequency with which the eye is injured is not surprising when we take 
its exposed position into account; the frequency would be much greater if the 
€ye were not provided with a number of natural means of protection. The 
eyebrows and the overhanging upper margin of the orbit protect the eye from 
injuries coming from above; the lids with their lashes intercept many foreign 
bodies and insects; above all, the eye is protected by its situation in the orbit 
from injuries coming from the sides and behind. The firm bones of the margin 
of the orbit intercept many blows, but those of the lower and outer margin do 
not project as far forward as those above and to the inner side. 

The spherical form of the eyeball and its position in the orbit is another 
important factor. The eye can give way backward and to the side while the 
cushion of fat mitigates the force of the blow. The eyeball may also be dis- 
placed forward somewhat without injury, because the muscles of the eye can 
be stretched and the optic nerve is rather tortuous in its course through the 
orbit. The eye consists of a tense, strong capsule and partly fluid contents, 
with an intraocular tension of 24 mm of mercury, therefore a greater pressure 
than tliis is needed to stretch and lacerate the tissues within it. 

The reflex closure of the eyes and winking form still another means of 
protection. When the approach of a foreign body is perceived the eyes close 
involuntarily, while many little foreign bodies are removed by winking. An 
increased secretion of the tears is also excited as a rule, which aids in their 
removal, dilutes injurious substances and lessens their effect. 



84. Superficial Injuries of the Eye 

For practical reasons we divide injuries of the eye into three large groups: 
I, superficial injuries; II, contusions; III, perforating wounds. Usually the 
group to which any particular case belongs may be determined from the history. 



Sjeje FOREIGN BODIES 

In superficial injuries the violence is slight and the lesions are on the surface; 
in contusions the eye has been struck by some blunt object; in perforating 
wounds the capsule of the eyeball has been penetrated by a more or less sharp 
object. Wlien a patient with an injury of the eye enters the office it is neces- 
sary to determine to which class the injury belongs in order to treat it properly. 
Superficial injuries include lesions of the conjunctiva and of the outer layers 
of the cornea. Three forms come into consideration : 

1. Foreign bodies in the conjunctival sac and on the cornea. 

2. Nonperf orating injuries and erosions. 

3. Burns. 

I. Foreign Bodies in the Conjunctival Sac and on the Cornea 

It is a daily occurrence for a patient to have something fly into his e3'e; 
the eye becomes photophobic, painful, lacrymates and the conjunctiva becomes 
injected. A characteristic feature of this condition is that the eye is less painful 
when kept quietly closed. Little particles of coal, cinders, wings of insects and 
grains of sand lodge on the surface of the eye and are often wiped away by 
the movement of the lid. If they lie beneath the lower lid they cause little 
trouble, but beneath the upper lid they create a feeling of pressure and pain, 
due to the fact that the foreign body scrapes the cornea with each movement 
of the lid; the epithelium may be injured in this way, but even without such 
injury the terminal filaments of the trigeminus in the cornea are irritated. 

The favorite situation of these foreign bodies is the sulcus subtarsalis, which 
runs parallel with the margin of the lid. When the upper lid is everted the 
foreign body may be seen and removed with a bit of wet cotton. After 
it has been removed, the feeling that it is present persists and the 
patient may solemnly aver that it is still in his eye even when it is on the 
cotton. In such cases the pain will disappear if a drop of cocain is instilled into 
the eye. Although the presence of a foreign body is usually betrayed by the 
pain, yet it may become encapsulated without causing irritation ; this is par- 
ticularly true of grains of powder. A foreign body may, under certain cir- 
cumstances, lie quietly in the upper transition fold for a long time and then 
cause symptoms of a chronic conjunctivitis to appear. Sometimes foreign 
bodies are introduced intentionally into the conjunctival sac. The bad custom 
prevails in many places of introducing the so called crab's eyes, flat concrcments 
from the stomach of the crab, beneath the upper lid in the hope that by its 
means another smaller foreign body will be removed. It is not an uncommon 
occurrence that the crab's eye is discovered months later in the transition fold 
enveloped in granulations. 

Foreign bodies arc also introduced into the eye for the purpose of decep- 
tion. Persons to be examined in regard to an accident sometimes induce an 
irritation of the formerly injured eye for which there is no natural reason. In 
one case a patient brought with him a little package of fine, white marble dust, 
some of which he frequently introduced into his eye in order to simulate a 
chronic condition of irritation. 

The injury produced by a beard of grain forms a typical clinical picture, 
which is induced by a prolonged continuance of a foreign body in the con- 
junctival sac. It is not uncommon for a beard of grain to enter the con- 
junctival sac, to bury its fine sharp ends in the tissues of the upper transition 
fold, and gradually to excite a severe irritation of the eye, associated with a 
swelling of the lid and a marked purulent secretion. At first glance the picture 
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resembles that of a severe infectious conjunctivitis and frequently patients state 
that they consulted a doctor who found nothing in the eye. The expert usually 
sees at once from the superficial erosion of the cornea that a foreign body must 
still be present, and after he has cocainized the eye thoroughly he carefully 
investigates the upper transition fold and finds the bit of beard enveloped in 
mucus. After the lid has been everted the lower margin of the tarsus is easily 
lifted up with a glass rod. 

The condition prcsfnteii bv our next case is altogether different. This man 
is a tinsmith. Somethinfr flt-w into his eye two days ago. The eye has u slight 





Fig. 67.— Monocular Bande^e. Fig. 68.— Binocular Bandage. 

ciliary injection and on the coniia may be seen a little foreign body surrounded 
by a brown ring. This is a particle of iron, or rather of ferric oxide, which 
was thrown off as a spark and became oxidized. The brown ring consists of 
hydrated oxide of iron. In other cases the foreign body may be a cinder, or 
a bit of stone. 

These injuries of the cornea by foreign bodies are the most common of all 
injuries to llie eye; one set of statistics shows that they form from iO to 60"'^. 
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In many places they are of daily occurrence, especially among workers in iron 
and steel. According to Cohn, 95% of the workers in a metjd industry had 
metal filings fly into their eyes weekly or even daily; most of these foreign 
bodies either escaped themselves, or were removed by the fellow workmen, as- 
sistants who are not alwavs satisfactory. Some of these workmen calculated 
that they bad sutftred from 2,000 such injuries in the course of twenty years. 
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The eyes of those who work with the grindstones are the most endangered. 
Among quarrjmen both bits of stone and sparks of steel cause injury. Thia 
trade of such a man can occasionally be recognized from his comeae. 

A few drops of a 2 or 4% solution of cocain are instilled, and then the 
foreign body is lifted from its bed with a sterile, platinum needle and the brown 
edge formed by the particle of iron is scraped away. The surrounding epithe- 
lium must be spared as much as possible while this is being done. After the 
foreign body has been removed some sublimate vaseline is applied to the eye, 
which is then bandaged, for experience has taught us that the injured epithe- 
lium reforms most quickly to cover the wound when the eye is kept as quiet as 
possible. In addition to this we should do what we can to prevent an infection 
of the wound. If the foreign body is not removed it may not cause any re- 
action for several days, but then an inflammatory infiltration appears in its 
vicinity, the foreign body becomes surrounded by a gray edge of pus cells and 
is finally cast off from the cornea by this suppuration, leaving an ulcer. 
Powder grains may remain permanently in the cornea without causing reaction. 

The condition is worse when the foreign body is situated in the deep layers 
of the cornea, or when its point protrudes into the anterior chamber. If it is a 
splinter of iron the magnet may be used. If this fails, or if the foreign body 
is not composed of iron it may be necessary to incise the cornea and extract it 
M'ith forceps. The method of dealing with intraocular splinters of iron will be 
shown later. 

II. Nonperforating Wounds and Erosions of the Cornea 

The eye of this mother has been scratched by the finger nail of her baby. 
The eye is extremely irritated, lacrymates, is photophobic and has a ciliary in- 
jection. In the centre of the cornea is a superficial abrasion of the epithelium, 
which we call an erosion. The extent of the erosion can be determined readily 
by the instillation of fluorescin. These erosions are often caused by twigs that 
scrape the surface of the cornea. They are painful and must be treated care- 
fully for two reasons. Among the laboring classes infections are to be feared 
tliat give rise to ulcus serpens, and therefore the eye should be bandaged for 
several days, after sublimate vaseline has been applied, in order that the epi- 
thelium may cover the defect from its margin. 

In the second place it happens not infrequently that several weeks, months, 
and even years after the erosion has apparently healed pain and sharp signs 
of irritation return with an erosion in exactly the same place, although no new 
injury has occurred; these are cases of recurrent erosion. The recurrence is 
due to the fact that after the first erosion the epithelium did not become 
attached with normal firmness to Bowman's membrane, so that slight causes are 
able to elevate it in the form of a bleb which soon ruptures. This is apt to 
happen in the morning on awaking, when the corneal epithelium is somewhat 
attached to the conjunctiva palpebra; and is torn away. Such recurrences may 
be repeated many times. A large quantity of boric acid ointment should be 
introduced regularly into the conjunctival sac every evening. If the case is 
obstinate, or if the erosion is large, the diseased epithelium may be scraped off 
(abrasio cornea?) in order to stimulate regeneration. An erosion is a quite 
superficial wound of the cornea. Deeper wounds may be lacerated or incised, 
and their examination is likewise facilitated by the use of fluorescin. The 
margins of the wound usually swell very quickly, even when there is no perfo- 
ration, because the fluid of the conjunctival sac is imbibed. 
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pilot water, liot fat, molten metals iind hot instrumt-nts. Burns with curling 
1 toiigs lire quite frequent among women. 

in a fresli case of lime hum all the larger particles of lime are to bo re- 
moved from the conjunctival sac, the eye washed out with salt solution, and 
then dressed with ointment. Cocnin ointment may be used to relieve the pain. 
It is of great importance at first to introduce fresh boric acid ointment every 
lur when pos.sibie. 
Tile fate of the cornea is of primary importance. The intensity of the 
I opacity produced in it depends on the depth to which the tissue is destroyed. 
, When the epithehuni alone is injured, as in the frequent burns with curling irons, 
it regenerates in a short time, but after a severe lime bum the cornea may be 
[ porcelain white, dry and insensitive. The burned necrotic parts of the cornea 
[ and conjunctiva are thrown off gradually and the eye maintains a condition of 
[ severe irritation for a long time. Healing of tJie surface of the ivound and the 



326 CONTUSIONS OF THE EYE 

replacement of the loss of substance must naturally take place through the 
formation of connective tissue. 

The result of a bum therefore depends on the situation and extent of cicatri- 
zation. The prognosis is very good in slight bums, like those with curling irons* 
restitutio ad integrum foUows, the cornea again becomes perfectly transparent 
and the slight defect in the conjunctiva heals smoothly. 

Deeper bums of the cornea leave opacities that impair the vision. Repeated 
attempts have been made to clear up opacities of the cornea caused by lime by 
means of chemicals. 

Further serious injury to the eye may result from the cicatrization in the 
conjunctiva that foUows bums, as is shown in this case in which, in addition to 
the corneal opacity, peculiar, tense adhesions extend between the conjunctiva 
of the lids and that of the eyeball, when the eye is turned up or down, and pre- 
vent the lids from being drawn away completely from the eyebaU. The patient 
was burned long ago with molten metal. These bands are partly fleshy, partly 
tendinous. 

In such a case as this the first thing to be ascertained is whether the symble- 
pharon is complete or partial. In complete symblepharon, which is in fact rare, 
the lid is adherent everywhere to the eyeball and the conjunctival sac obliterated 
throughout its whole extent. In such cases the margins of the eyelids are also 
adherent, as a rule, a condition known as ankyloblepharon. In such grave cases, 
in which the cornea is usually destroyed, the eyeball can scarcely be seen and a 
sort of traumatic cryptophth&lmos is formed. In partial symblepharon certain 
areas in the conjunctiva of the lids and of the eyeball which lie in apposition 
with each other are adherent. 

Partial symblepharon is divided into symblepharon anterius and posterius 
for practical therapeutic reasons. If the adhesion involves the transition fold 
it is called a symblepharon posterius, but when it forms a bridgelike, cicatricial 
band between the lid and the eyeball, beneath which a probe can be passed along 
the transition fold, it is a symblepharon anterius, or bridge symblephaion. Im- 
provement can be obtained by operation only in partial symblepharon. 



85. Contusions of the Eye with Rupture of Its External Capsule 

Contusions of the eye are divided into two groups, as they are, or are not, 
associated with rupture of the capsule of the globe. The former injuries are 
the more serious. 

Contusion may produce rupture of the eyeball directly or indirectly. By 
direct ruptures are meant such as take place at the point where the contusion 
was received. Such an injury can be differentiated with difficulty from a lacer- 
ated wound of the eye and no sharp line can be drawn between them, but it may 
perhaps be well to remember that direct lacerations occur more often in the 
cornea than in the sclera. Usually a curved, flaplike wound is produced as- 
sociated with grave complications within the eye. 

Indirect ruptures of the eye, which are much more common, occur at points 
at some distance from the place struck by the object that produced the injury. 
To this group belongs this typical case of indirect rupture of the sclera with 
traumatic aniridia, ha?mophthalmos and luxation of the lens beneath the con- 
junctiva. The woman states that she was struck from below with a piece of wood 
four days ago.. We see a large hemorrhage beneath a considerable area of the 
conjunctiva sclene; the cornea is intact and clear; the anterior chamber is seen 
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by toca] lUuniinntion to be abnormally deep, while at its bottom is a fiesb 
inphania. The most siriking symptoms, however, are two: the iris is looked for 
ill vain, it is totally nbscnt. When the upper lid is raised a dark grny line may 
be seen in the sclera some millimetres from the margin of the cornea, which 
iKgins above and runs concentrically rather obliquely inward for more than a 
centimetre. At one place it is covered by a round body which is covered every- 
where by the untorn, intact conjunctiva. This is a rupture of the sclera with 
Ihc lens, that bus been extruded from the eye, lying upon it beneath the con- 
junctiva. Dark brown masses may be seen close to the lens and here, evidently, in 
the iris, torn with the lens out of the eye and now lying beneath it and caught 
in the margins of the wound in the sclera. At the present time the 
tension is the same as that of the uninjured eye, 
niarjLjins of the tear in the sclera are alrctuiy 
luted together, for otherwise intraocular fliii'l 
would continue to escape beneath the conjunc- 
tiva. In some cases, especially when the con- 
junctiva also has been torn, the tension will 
show that a great part of the contents of the 
eye, especially the vitreous, has escaped, a cir- 
cumstance that renders the prognosis worse. 
In our case the injury has performed an inter- 
esting experiment: the entire iris has been torn 
out and still the eye has regained its tension 
lifter closure of the wound. Hence the intni- 
ocular fluid, particularly the aqueous, can be 
reproduced without the iris, one of the evidences 
we have that the ciliary body is the principal 
source of the aqueous. But our patient does 
not come to us because she is interested in this 
experiment, she wishes to know what will become 
of her eye. A dark red reflex is obtained from the vitreous by focal 
illumination; a view of the interior of the eye cannot be obtained with 
the ophthalmoscope; vision is reduced to the perception of light and dark- 
ness ; the projection is uncertain. Hence we formulate the diagnosis : Sub- 
conjunctival indirect rupture of the sclera with traumatic aniridia, luxation 
of the lens beneath the conjunctiva and hiemophthalmos. The usual site of the 
■scleral rupture in such a case is parallel to the corneal margin, either directly 
fitiove or above and inward. 

When we analyze this clinical picture the first question suggested is: How 
IS this characteristic indirect rupture of the eyeball brought about with its 
peculiar predilection for the corneoscleral margin? Many theories have been 
advanced to solve this interesting mechanical problem, but without going into 
their details we may note the following points. The eyeball is usually driven 
against the wall of the orbit by the blow; the compression causes a considerable 
increase of the intraocular tension; the capsule of the eyeball is thereby over- 
stretched and rupture takes place at the point of least resistance. This place is 
the corneoscleral margin for anatomical reasons. According to MucUit the 
rupture takes place in a meridian intermediate between the point of attack and 
the point of resistance, usuallv in the region of Schlemm'i canal. The liga- 
mentuni pectinatum, which forms the posterior wall of SchUmm'a canal, yields 
first and the rupture follows from within outward; first the sclera is torn, then 
the episclera and then perhaps the conjunctiva. If the rupture extends farther 
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along the surface it follows by preference the line along which the anterior ciliary 
vessels perforate the sclera, where it is evident that the strength of the tissue must 
be less, and extends several millimetres back from the margin of the cornea in 
correspondence with the course of these vessels. The site of the rupture at that 
place is very distinct in our case. 

Sometimes small ruptures of the globe are met with which are situated above 
and internally to the margin of the cornea. In such cases the laceration passes 
directly "through the coats of the eye and is close to the limbus. 

In accidents the rupture of the eyeball is the quick result of an unfortunate 
turn of the eye. Experiments, in which the direction and the force of the blow 
can Ik? changed as desired, have been made to clear up the origin and mechanics 
of ruptures of the eyeball. In those made by Mueller the ruptures usuallv took 
place in a meridian of tension. The other symptoms, hemorrhage and laceration 
of tissue, need no explanation. 

Very often the conjunctiva is torn in these ruptures; this can be recognized 
immediately. When the eyeball is shattered in this manner we meet with such 
complications as prolapse and tearing away of the iris, luxation of the lens, 
extensive loss of vitreous and great intraocular hemorrhages. 

When a case of subconjunctival rupture of the globe enters his office it is the 
duty of the physician to make accurate notes of the condition present, that later 
he may be able to testify correctly concerning the condition of the eye after the 
injury. Then he should apply an aseptic protective dressing and send the 
patient to the nearest ophthalmic hospital, where our duty begins. In this case 
two therapeutic indications are to be met. We have learned that the rupture 
has closed and that the intraocular tension is again normal, but the configuration 
of the eye has been changed by the pressure of the luxated lens beneath the con- 
junctiva upon its surface. As soon as the closure of the wound is firm enough 
the lens, which is now to be regarded as a foreign body, is to be dissected out, and 
the wound made in the conjunctiva for that purpose closed again. We must 
endeavor to preser\'e the form of the eyeball so far as possible and to induce 
resorption of the large hemorrhage in the vitreous. 

Unfortunately the hemorrhage in the vitreous can be influenced very little 
therapeutically. The proposal I made to bring about solution of the blood by 
the intraocular injection of specific ha-molytic serum, was frustnited by the fact 
that foreign kinds of serum are not borne well and we can scarcely inject suffi- 
cient complement with the immune bodies. Hence nothing now remains but to 
try sweating, potassium iodide and subconjunctival injections of salt, at least 
for a while, in order to stimulate the resorption of the hemorrhage. We meet 
with the most wonderful things in the course of these contusions. In grave cases 
the hemorrhage finally organizes, the vitreous shrinks and atrophia bulbi is the 
result; but lucky cases are also met with. These clinical pictures are of par- 
ticular frequency among farmers as the result of being gored with a cow's horn 
and it may happen that the lens may thus be extruded from the eye, which 
becomes aphakic, as after an- operation for cataract, and good vision preserved. 
I have indeed seen one patient in whom an extraction was performed in this way 
by a cow, first on one eye and a year later on the other, with good subsequent 
vision, but, as a rule, the prognosis of such grave contusions is not good, and 
many eyes thus injured have to be enucleated. 

Some deviations from the typical indirect rupture of the sclera are met with. 
The length of the tear may vary; on the average it is from 6 to 12 mm long, 
but it may be smaller. 

The patients are usually elderly, because the rigidity of the sclera favors 
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the occurrence of such lacerations, and their occupation is of great importance, 
yet indirect ruptures of the sclera are not so very rare among children. It has 
been observed that an eye may suflFer from such an injury twice and yet a com- 
paratively good result be obtained. 

The lens is usually extruded from the eye, or it may be caught between the 
margins of the wound. When luxated beneath the conjunctiva it usually covers 
the place of rupture, but it may be dislocated far toward the transition fold 
beneath the conjunctiva. 

Exceptionally, the rupture of the sclera may lie not at the corneoscleral 
margin, but at the equator, or in the posterior segment of the globe, and then 
the lens escapes into TenorCs space. The lens is usually luxated in its capsule 
in these cases, but the capsule may be torn and remain in the eye after the 
escape of the lens. I have performed a successful discission in one such case. 
The luxation is usually associated with at least a partial avulsion of the iris, 
so that an iridodialysis, or a broad coloboma, is formed. The portions of iris that 
are left often become inverted. 

Although aniridia and luxation of the lens are associated, as a rule, when the 
iris is totally avulsed, yet cases have been met with in which the iris alone was 
torn away and extruded beneath the conjunctiva, while the lens remained in its 
proper place and position. 

When it is possible to see into the eye, in the later stages of an indirect 
rupture of the sclera, the ciliary processes are frequently invisible, although the 
iris is wholly absent. They may have been flattened and drawn out of sight by 
an atrophy of the ciliary muscle, or it may happen that they have been drawn 
inward by adhesions and may be perceived by oblique illumination. 

The place of rupture remains visible later as a bluish black line. Even 
when the scar is smooth such eyes have a great deal of corneal astigmatism,, 
or the eyeball may assume a conical form. The scar may also yield and give rise 
to a scleral staphyloma, which may lead to increased tension. 

A very great pigmentation of the conjunctiva may originate from such a 
rupture of the sclera, and the displaced pigment of the uvea may spread even 
to the transition fold. 

Finally, the important fact deserves mention that, in such a case of indirect 
rupture of the sclera with preservation of the conjunctiva intact, there is no 
danger of sympathetic inflammation of the other eye. In the rare cases in 
which a sympathetic iridocyclitis has occurred there were without doubt minute 
lacerations of the conjunctiva, through which the agents of inflammation found: 
their way into the eye. 



86. Contusions of the Eye without Rupture of Its Capsule and the 
Clinical Pictures Produced in the Anterior Segment of the Eyeball 

Contusions are injuries of the eye and of its environs produced by a blunt 
impact in which the foreign body does not penetrate the tissue. When the 
eyeball itself is struck the contusion is direct; when the concussion falls first on 
the environs, or more distant parts, and is transmitted to the eyeball, the con- 
tusion is indirect. 

The common feature of all contusions is that they produce mechanical changes 
in the affected tissues. These changes consist of compression, displacement of 
the tissue elements against each other, sejparation, laceration and displacement 
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of entire parts with relation to each other, and the most manifold clinical pic- 
tures are produced by the combinations of these mechanical effects. 

The consequences of a contusion, especially of the eye, depend on several 
factors: 1, the nature, form and size of the object that produced the injury; 
2, the force and velocity with which the eye is struck; S, the direction from 
which the blow comes and the situation of the point where it is received. In 
general the process is as follows : 

Apparently the eye presents a simple, elastic, nearly spherical capsule filled 
with fluid, yet this is not the case. The cornea has a shorter diameter than the 
sclera and therefore there is a flat surface at the limbus ; the coats that form the 
capsule have little expansibility; its contents are by no means uniformly fluid. 
In front is the aqueous, behind the jellylike vitreous. The interior of the eye 
is also not a single cavity, for the lens and zonule separate the anterior fluid 
contents from the vitreous, and the iris is stretched between the anterior and 
I>osterior chambers, leaving the pupil as the only communication between them. 

When an eye suffers a contusion the place struck by the foreign body is 
pressed in and bruised. Neighboring parts must yield, the capsule of the eye 
is stretched and may even be torn on its inner surface. Thus we meet with 
lacerations of the inner surface of the cornea (infractio corneae). When the 
sclera is severely indented the chorioid and retina may be torn. Direct rupture 
of the chorioid and retina is rare. 

In many cases .the local changes at the place where the blow is received are 
slight. The pressure is distributed uniformly, by the fluid nature of the con- 
tents of the eye, in all directions upon its contents, as well as upon its capsule. 
This increase of tension causes the capsule to be stretched, the eye is made to 
assume more nearly a spherical form, and the displacement of the aqueous and 
vitreous by the local flattening at the place struck affects more distant places 
and contributes to their distention. Thus it happens that in a contusion portions 
of the eye far removed from the place of impact may indirectly suffer severe 
injury. 

This transmission of pressure is not all. The eye is displaced at the moment 
of injury in a manner that varies with the direction of the blow. If, for ex- 
ample, the eye is struck from in front in a sagittal direction it must be driven 
backward into the orbital fat. The force is then expended on this cushion, and 
ihus the eyeball is protected under certain circumstances. It has been claimed, 
ihough not without dissent, that the optic nerve may be driven in this manner 
directly into the eye. 

If the direction of the blow is not through its centre the eyeball must be 
driven to one side and, when the direction is tangential, it may be rotated. From 
this it is evident that the mechanics involved in a contusion of the eye may be 
very complicated, and this is in harmony with the fact that the clinical pic- 
tures met with are manifold. 

Tlie complicated anatomical structure of the eye also needs to be considered. 
The membranes of the eye vary in structure, elasticity and power of resistance. 
The eye contains muscles which may be spasmodically contracted; vessels and 
nerves pass through the membranes. These conditions are such that a more 
accurate mechanical analysis cannot always be made of the individual morbid 
changes.. The number of theories that have been advanced is almost propor- 
tional to the number of scientific publications. 

Tlie first question to be answered in the examination of a contusion of the 
eye is whether the capsule is, or is not, ruptured. Contusions of the eye are 
divided into these two groups for an important reason. Both groups frequently 
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have such symptoms m common as hemorrhage and displacement of tissue, but 
they almost always differ in one point. Contusion with rupture of the capsule 
of the eye is always the more serious. Thus an important point in the prog- 
nosis of the injury is obtained at a glance. 

Rupture of the capsule is the easiest to recognize of all the changes met with 
in contusion of the eyeball ; its favorite seat is near and concentric with the cor- 
neoscleral margin. 

Nothing of this sort is to be found in the patients here present, and both 
patient and physician breathe more freely, for in contusions without rupture 
the prognosis for preservation of the form of the eyeball is better. Now our 
duty to analyze the individual injuries commences, for the clinical pictures pro- 
duced are very manifold. In order that no real symptoms may be overlooked 
and to indicate what is worthy of note in such a case I have arranged in the fol- 
lowing table the most important pathological changes that occur in contusion 
without rupture of the eyeball. 

Tabulated Abstract of the Clinical Pictures Met with after Contusions of the 

Eye without Rupture of the Outer Capsule. 

1. Hemorrhages into the eyelids. 

2. Hemorrhages beneath the conjunctiva. 

3. Cloudiness and erosions of the epithelium of the cornea. 

4. Hyphaema. 

5. Iridodialysis and irideremia. 

6. Radiating lacerations of the iris. 

7. Traumatic mydriasis and meiosis. 

8. Laceration of the sphincter and of the individual layers of the iris, 

9. Inversion of the iris. < 

10. Paralysis and spasm of the accommodation. 

11. Cataract. 

12. Subluxation and luxation of the lens. 

13. Hypotony and hypertony. 

14. Hemorrhage into the vitreous. 

15. Commotio retinae. 

16. Retinal hemorrhages. Changes in the macula. 

17. Detachment of the retina. 

18. Chorioidal hemorrhages with patches of pigmentation and decolorization. 

19. Rupture of the chorioid. 

20. Crushing and laceration of the optic nerve ; hemorrhages into its sheath. 

With this table before us we will now examine our patients. It is self evi- 
dent that every possible combination cannot be presented. 

This case presents the usual picture of a contusion of the eye and some of 
the changes to be observed in its anterior segment can be detected at once. There 
is a marked swelling and an ecchymosis of the lids. Our first concern is to see 
tliat th^ eyeball is intact, so we cautiously lift the upper lid with the elevator 
in order to bring the globe into view. There is no rupture anywhere, but there 
is an extensive subconjunctival hemorrhage which shows that the injury caused 
lacerations of the episcleral vessels from which blood has poured forth beneath 
the conjunctiva bulbi. When the escape of blood is slight the place where the 
eyeball was struck can frequently be recognized from the hemorrhages, which are 
sometimes striated. We have also to notice on the cornea whether there are anv 
little erosions of the epithelium. 
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In this patient the most striking symptom is a red band several millimetres 
high at the bottom of the anterior chamber, a hemorrhage into the anterior 
chamber that is called a hyphama. The horizontal demarcation is characteristic. 
As long as the blood remains not coagulated it readily, changes its place in 
different positions of the head. As a rule such a hemorrhage comes from lacera- 
tions of the vessels of the iris and sometimes the place from which the blood 
trickles can be seen. At other times its origin cannot be determined. It may 
come from a laceration of Schlemm^s canal. 

When such a case as this enters the office, and presents all the signs of a 
contusion with changes in the anterior segment of the globe, it is necessary to 
examine the eye with the ophthalmoscope and to test the vision in order to guard 
against trouble later. As we shall see in another case grave changes may be 
present in the posterior segment also. 

No treatment is necessary in this case other than a hot, wet dressing. When 
erosions of the epithelium are present cocain ointment or boric acid ointment may 
be used. As a rule the hyphsema is absorbed in a few days. The swelling of the 
lids persists for some time and the well known changes of color take place dur- 
ing the resorption of the hemorrhages in the skin and conjunctiva. 

The second patient received a blow from a fist on his eye some time ago. The 
most marked s3'mptom is a change in the shape of the pupil, which is no longer 
round, in that its lower margin forms a straight line. At the ciliary margin 
of the iris below may be seen a little black segment where the iris has been torn 
from its attachment and we may look into the eye with the ophthalmoscope 
through this aperture in the same way as through the pupil when the lens is not 
opaque. 

When the Iridodialysis is of greater extent the ciliary processes, the margin 
of the lens and the fibres of the zonula become visible. 

The manner in which an iridodialysis is produced was explained by r. Arlt 
in this way. When a blunt object strikes the cornea the latter is flattened. • As 
the fluid in the eye is not compressible the flattening of the cornea must occasion 
a change in the shape of the eye consisting of a sudden dilatation of the corneo- 
scleral ring and the iris is thereby torn loose from its insertion. Another view is 
that the contraction of the pupil at the moment of injury plays a part in the 
origin of iridodialysis. We learn from experiments that a marked meiosis may 
follow contusions of the living eye. Mueller believes that the foreign body 
presses in the sclera at the limbus, that the ring of insertion of the iris is thereby 
partially stretched and the sudden contraction of the sphincter and dilatator 
brings about the avulsion of the iris. 

The iris docs not usuallv become reattached to its insertion; when the ciliarv 
insertion has once been torn and the margin of the pupil has been changed to 
a straight line by the shortening of the sphincter, the separation is permanent. 

Therapeutically we can do nothing. This is not necessarily a misfortune as 
vision is not impaired in most cases of iridodialysis, especially when the tears are 
small. When the opening is quite large monocular diplopia may be occasioned, 
because an image of an object may be thrown on the retina through both the 
pupil and the peripheral aperture in the iris. In such cases a suitable stenopaeic 
lens is of service. 

The size of an iridodialysis may vary a great deal. Sometimes it is so small 
that it can scared}^ be detected, in other cases the entire iris may be avulsed from 
its ciliary insertion ; when the latter happens the iris is found lying at the bot- 
tom of the anterior chamber folded into a little coil, where it undergoes further 
shrinkage. 
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Here is another form of laceration of the iris after contusion without rupture. 
At first glance the pupil of this patient's eye seems to be moderately dilated, but 
a more careful examination shows that its margin is quite regular above and to 
the inner side and bordered by a dark edge of retinal pigment, while below and 
to the outer side this edge is more or less wanting and there are little notches in 
the margin. The pupil appears to be slightly dilated because the margin has re- 
tracted somewhat at this place. 

These radiating lacerations extend to the ciliary margin of the iris in very 
rare cases. The margins of such a tear gape widely and lack the edge of retinal 
pigment, while the pupil assumes a colobomalike, or pointed arch form. The 
diagnosis in our case is that in consequence of the contusion lacerations have 
taken place in the sphincter pupilla:. This clinical picture is called traumatic 
mydriasis. Such tears in its margin form the most common cause of the dila- 
tation of the pupil observed after contusions. 

Various theories are maintained concerning the way in which these lacera- 
tions are brought about. According to Franke the force of the stretching of the 
iris in the spasmodic contraction of the pupil and the dilatation of the cor- 
neoscleral ring is expended first upon the rigid ring of the sphincter and pro- 
duces laceration. Other writers, like Foerster, ascribe the lacerations to the effect 
produced by the backward driven aqueous. The pupillary part of the iris is 
pressed firmly against the lens, while the marginal portion that extends beyond 
the lens is pouched out toward the posterior chamber. This saclike protrusion 
of the periphery of the iris and the sudden dilatation of the pupil cause manifold 
changes, overstretching of the muscles pf the sphincter, and lacerations. 

There is no treatment. Usually a slight dilatation of the pupil persists and 
may compromise vision somewhat. If the sphincter is simply overstretched and 
not torn the mydriasis may pass away. In fresh cases of such contusions a 
bandage should be worn for several days. 

Cases are met with after a contusion in which part of the iris is bent back- 
ward, so as to give the impression that an iridectomy has been performed. The 
folded back iris lies on the ciliary body where it is usually made fast by 
hemorrhages and exudates. Such an inversion of the iris occurs even with simple 
contusions, but more frequently in connection with ruptures of the sclera. 

The opacities produced in the cornea by contusions are variable. The sur- 
face may be dull and dotted, the epithelium may show erosions. In this case, 
in which the eye was struck by a whiplash, there is a deep, cloudy opacity, which 
is supposed to be an oedema with swelling of the cornea, due to injury of the 
epithelium of the posterior surface. 

Doubtless lesions of the endothelium and lacerations of DescemeVs membrane 
take part in the deep, striated opacities of the cornea that follow bruises of the 
eye produced by the application of forceps. Their presence has been demon- 
strated anatomically many times when the eyes have been injured during labor. 
Stock has shown that a keratoconus may develop in such cases. These lacerations 
of Descemefs membrane are at a distance from the place of impact and are 
therefore indirect. Direct partial ruptures of the posterior layers of the cornea 
also take place when the cornea has been violently pressed in. 

When hemorrhages are present in the anterior chamber it must be borne in 
mind that they may come from an isolated rupture of Schlemm^s canal. Hemor- 
rhages in the anterior chamber of an otherwise healthy eye are absorbed with 
comparative quickness. They frequently give a greenish yellow discoloration to 
a light colored iris. 

When the anterior chamber is filled with blood and the resorption is slow 
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the clinical picture may develop that we call imbibition of blood by the cornea. 
A disclike opacity forms in the central part of the cornea while the margin re- 
mains free. The coloring matter of the blood enters by diffusion from the an- 
terior chamber and here undergoes further changes. When we examine the cor- 
.nea anatomically we find that it is diffusely permeated with ferruginous blood 
pigment and in addition observe in the opaque area numberless little, strongly re- 
fractive granules which were thought by Leber to be fibrin, by Vossius to be fi- 
.briUie of the cornea that had undergone hyaline degeneration. I think it prob- 
able that they come from the albuminoids of the haemoglobin. It is characteristic 
of this imbibition of blood by the cornea that the disclike opacity disappears 
gradually in the course of years. 

In other cases of severe contusion of the eye a gelatinous transudate, rich in 
albumin and containing fibrin, appears in the anterior chamber and renders the 
aqueous very opaque. This transudate comes from the paralyzed vessels of 
the iris and ciliary body. 

Whenever we meet with an iridodialysis we may be sure that the eye has suf- 
fered a severe contusion. It should be mentioned, as a supplement to my former 
statement, that an iridodialysis has been observed to heal spontaneously in rare 
>cases. When the lens has been partially injured a patient may use the aperture 
formed by the iridodialysis for visual purposes. Complete avulsion of the iris 
without rupture of the eyeball is rare; laceration of the sphincter is much more 
common. The dilatation of the pupil and the slowness of its reaction are due 
not alone to the notching, but also to a paralysis of the sphincter. 

In rarer cases only the posterior pigment layer of the iris is torn. By focal 
illumination the red of the fundus may then be seen to shine through iiie iris, 
.or, when cataract is simultaneously produced, the opaque lens may be seen 
through this aperture. 

When we find an inversion of the iris that simulates a coloboma we may be 
sure that the lens is subluxated, for the zonule is fom in conjunction with the 
inversion of the iris. This retroflexion of the iris can be distinguished from a 
.coloboma by the facts that the comers of the coloboma are absent and the ciliary 
processes cannot be seen. Finally, disturbances of the movements of the pupil 
are very commonly produced by contusions even without lacerations of the 
sphincter. We meet with a traumatic mydriasis and meiosis. In traumatic my- 
/driasis the pupil often is irregularly dilated, oval, or partially pouched out, and 
the reactions to light and convergence are very slow. Traumatic mydriasis is due 
to injury of the sphincter and of its nerve fibres, caused by increased pressure, 
.distortion of the tissues, or an overstretching of the muscle fibres {Foerster), A 
traumatic meiosis dilates very badly under the influence of atropin. A spasm 
of the sphincter is present which is favored by a serous saturation of the iris. 
While traumatic meiosis usually disappears in a few days mydriasis generally 
persists and often furnishes the only evidence of a former contusion. 

87. The Clinical Pictures That Appear in the Posterior Segment of 
the Eyeball after Contusions without Rupture of the Sclera 

This boy has a contusion from having been struck in the eye with a snow- 
ball. The lid is somewhat swollen and ccchvmosed, and there is a little wound in 
the skin at the upper margin of the orbit. He can open his eye somewhat, but 
complains that he can sec very little with it. 

Our first care is to ascertain whether the eye has been perforated at an}' 
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place, that is whether the contusion is or is not associated with rupture, for the 
presence of a rupture makes the prognosis of such an injury very grave. No 
rupture of the sclera is to be found in this case, and no changes are to be seen 
in the anterior segment of the globe, except some little subconjunctival hemor- 
rhages, and these are insufficient to explain why the eye can no longer see. 
Learn from this case that in contusions the physician must not limit his exami- 
nation to the anterior segment of the globe. Even when changes are present 
there, complications may exist within the eye, and when no changes are present 
in the anterior segment an intraocular complication must be the cause of the dis- 
turbance of vision, so the first question is: Has the vitreous suffered from the 
contusion? 

1. Changes in the Vitreous after Contusions of the Eye 

. The most important changes in the vitreous that follow contusions are 
hemorrhages which vary in form and in size. The blood may come from either 
ihe ciliary body, the chorioid, or the retina. Circtunscribed hemorrhages move 
about here and there as flaky, striated masses. In graver injuries the vitreous 
may be diffusely infiltrated with blood, so that the fundus cannot be seen and 
only a red reflex can be obtained by focal illumination. Vision may be reduced 
to such a degree that perception of light and projection are hardly present. We 
cannot at this point exclude detachment of the retina. 

The resorption of hemorrhages into the vitreous is very slow. At a later 
period grave injuries may be discovered in the fundus, such as lesions in the 
chorioid and retina, with proliferation of pigment, atrophy of these membranes, 
detachment of the retina and atrophy of the entire eyeball. 

An eye with hemorrhage into the vitreous after contusion should be treated 
by a bandage, subconjunctival injections of salt and the internal administration 
of resorbents. But such a hemorrhage is not the cause of the disturbance of 
vision in this case. 

2. Changes in the Retina in Contusions without Rupture of the Globe 

Hemorrhages may be present in the retina even when they are not to be 
found in the vitreous. 

Laceration of the retinal vessels is frequently preceded in experiments on 
animals by a high degree of ischaemia which disappears in an extremely short 
time and therefore is scarcely to be observed in man. As long as the hemorrhages 
are small they lie in the substance of the retina itself, but they may occur be- 
tween the retina and the vitreous. 

In these so called preretinal hemorrhages it is not necessary that the eyeball 
itself should have been struck. Occasionally they are observed after grave in- 
juries to the head and are caused by the engorgement due to the serious intra- 
cranial disturbance of the circulation. The preretinal hemorrhage appears oph- 
thalmoscopically as a large, round, dark red disc. If it exists long enough for 
the blood to have time to sink, its upper edge finally becomes horizontal. 

The formation of aneurysms of the retinal vessels has been reported in rare 
cases of contusion of the globe. It is self evident that hemorrhages in the retina 
may take part in the reductioti of vision after contusion, especially when they 
are situated in the region of the macula. 

Retinal hemorrhages are generally resorbed more quickly than hemorrhages 
into the vitreous, but they may produce further changes in the fundus, such as 
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decolorized spots and patches of proliferated pigment in its innermost layers, 
and may also give rise to connective tissue bands that produce the picture of 
retinitis proliferans. 

In this case there are no retinal hemorrhages, but a large part of the retina 
appears opaque and gray white, the opacity extending far toward the periphery. 
The retinal vessels stand out very distinctly by contrast in this superficial, gray 
white opacity, but exhibit no tortuosity, which differentiates the condition from 
detachment of the retina ; neither can any undulations of the membrane be seen. 

This is a typical case of retinal oedema after contusion. This opacity was 
described first by Berlin and has therefore been called Berlin^s opacity. A severe 
contusion, in this case by a snowball, is necessary for its production. The white 
decoloration of the retina reaches its maximum, as a rule, in twenty-four hours, 
and then passes away in the course of three or four days, the clearing up begin- 
ning at the periphery with special reference to the retinal vessels. In rare cases 
only, a permanent decolorization and pigmentation of the fundus is left. Ac- 
cording to Haab a special opacity of the macula may occur together with this 
superficial, peripheral opacity of the retina. 

When we consider the severity of the contusion it is conceivable that other 
complications may be present, at least a ciliary injection, and corneal changes, 
traumatic mydriasis, hemorrhages into the anterior chamber, hypotony and even 
emphysema of the orbit have been observed. 

Many experiments have been made to determine the origin and nature of 
this contusion opacit}-. It is an oedema of the retina, brought about by transu- 
dation in consequence of the traumatic vascular paralysis, especially of the 
chorioidal vessels. The fluid enters the retina by way of diffusion. The retina 
and chorioid suffer laceration and distortion by the stretching of the capsule 
of the eyeball and it is certainly conceivable that the retinal elements may be 
harmed by the oedematous saturation. At any rate the cause of the visual dis- 
turbance lies primarily in the retina itself, although other complications must be 
taken into account. The field of vision may be contracted and disturbance of the 
light sense may be present, but usually the patients are troubled by a reduction 
of the central vision, and this visual disturbance may last a long time after the 
involution of the opacity. The greatly increased tension caused by the con- 
tusion may bring about a direct pressure paralysis of the nervous elements of the 
retina. The macula lutea itself is very often injured in contusions. 

Yellow spots, pigmentation and even a total atrophy may remain after a 
contusion opacity of the region of the macula, A short time ago we had a 
patient to investigate who had been mistaken for a malingerer. Such a change 
in the macula following a contusion had been overlooked. He had a distinct 
central scotoma with greatly impaired vision. 

Hemorrhages situated in the macula take part in the disturbance of vision,^ 
and masses of connective tissue and pigmentation may develop from them. 

Thirdly, peculiar holes occur in the macula after contusions. A round, red 
disc of about one-half the diameter of the papilla is found at the macula, where 
the chorioid lies uncovered, or with only slight traces of retinal tissue. It is 
characteristic of these holes in the macula that changes of the pigment epithe- 
lium, decolorization and pigmentation are absent. The temporal half of the 
papilla may become pale as a sign of the destruction of the papillomacular optic 
nerve fibres, as Haab has shown. These holes in the macula are produced either 
by a mechanical laceration {Haab)j or by a softened condition of the macula 
(Kuhnt). 

Occasionally the retina is torn as the result of a contusion. The margins of 
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the rupture may turn over and roll in and result in an extensive detachment, or 
in connective tissue cicatrization, to which the hemorrhages that are usually pres- 
ent contribute not a little. 

The connection between contusions and detachment of the retina is of more 
importance to the physician, for we are called upon very often to decide whether 
a retinal detachment can be ascribed to such an accident, and in such cases we 
need to difTerentiate whether the detachment is primary or secondary. After a 
severe contusion a hemorrhage from the chorioid may push oif and detach the 
retina. Circumscribed detachments are to be found, especially in the region of 
the macula, after hemorrhages produced by laceration of the chorioid. When 
the refractive media permit an examination we find in a hemorrhagic detachment 
a hemispherical prominence covered by a tense retina without folds and a gray 
red color of the detached portion. A primary detachment of the retina may also 
be produced after a contusion by the escape of a serous transudate from the 
paralyzed vessels of the chorioid. The detachment must be considered secondary 
when the results of the contusion were slight and the detachment appeared at a 
later time; in these cases hemorrhages into the vitreous, ending in contraction and 
cicatrization in the chorioid, play a part. Frequently the differentiation, whether 
the case is one of primary or of secondary detachment, is not easy, and when 
several years have elapsed since the perfect healing of a contusion the question 
whether a detachment that appeared later can be ascribed to the accident is 
always difficult. 

The optic nerve itself may be involved i^i every serious injury. When the 
injury is fresh we may find hyperaemia, little hemorrhages on the papilla, or a 
cloudy swelling of the neighboring tissues. Later the optic nerv^e is frequently 
pale and atrophic, especially when chorioretinitic decolorizations are present, or 
the macula has been destroyed. 

It is very rare that all the changes to be met with in the posterior segment 
of the eyeball without rupture of the capsule can be demonstrated in a single 
case. In this patient the retinal changes form the focus of interest and there are 
no serious changes in the chorioid. 

Finally I have two cases with which to demonstrate some important changes 
that we meet with in contusions of the eye. The first patient received a blow from 
a fist on the eye some months ago. Externally the eye is normal. With the 
ophthalmoscope a yellowish stripe may be seen running concentrically to the 
papilla on its temporal side. This is a rupture of the chorioid. Notice that the 
retinal vessels pass over it. Ruptures of the chorioid originate in two ways from 
contusions of the eye. They are either direct, formed at the place of impact, or 
indirect, at a distance from it. 

A direct rupture is much more rare than an indirect. It usually lies so far 
forward that its anterior end cannot be seen with the ophthalmoscope, and forms 
a broad, irregular, superficial aperture in the chorioid, through which the white 
sclera is visible. 

Indirect ruptures, like the one in this patient, are more common. It has 
been calculated that one such rupture is met with in about 1,000 eye patients. 
Ordinarily they are situated on the temporal side of the papilla, either in the 
macula, or between it and the papilla, and when they run concentric to the latter 
tliey have generally been caused by a blow with a broad surface of impact. 

More irregular ruptures are to be seen when the force was applied laterally 
and with a small area of impact, as for example by a ricocheting shot. Several 
ruptures may be present; I counted in one case four running parallel to each 
other. The most striking symptom in a fresh case is the absence of a large 
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hemorrhage, though the retina at this pkce may appear cloudy and exhibit some 
hemorrhages. It is supposed that the retraction of the torn vessels prevents 
bleeding, but in some cases it is evident that a hemorrhage originally covered 
the site of the rupture. The second clinical peculiarity of the rupture of the 
chorioid is that usually its color is yellowish white, never the bluish white of the 
sclera. This is because the entire thickness of the chorioid is not, as a rule, torn 
through, but the lamina fusca remains. The rupture is permanent. A pigmen- 
tation is formed later at its margin. When the rupture is broad ciliary vessels 
may occasionally be seen in it, looking like red stripes. 

The retinal vessels may be seen to pass over the rupture, but it has long 
been known that the outermost layers of the retina are torn at the same time as 
the chorioid, and frequently the rupture involves the entire retina. This in- 
volvement of the retina, as well as the position of the indirect rupture of the 
sclera, su£Bces to explain why the vision is impaired. When the macula is directly 
affected, as in this case, we find a central scotoma. Other contractions of the 
visual field have been observed. The injury to the vision is generally permanent. 
Detachment of the retina has been repeatedly observed to take place in the course 
of cicatrization and later we often find an extensive retinal pigmentation at some 
distance from the rupture. Subconjunctival injections of salt may be tried 
therapeutically when there are simultaneous hemorrhages. 

A question of mechanical and physical interest, though a matter of indiffer- 
ence from the point of view of practical medicine, is how such ruptures take place 
in the chorioid while it is lying between two other membranes. Numerous hy- 
potheses have been advanced to account for this phenomenon, v. Arii thought 
that the flattening at the place of impact, the dilatation of the equator of the 
globe, and the stretching of the chorioid produced in this manner was the cause 
of the rupture. According to Becker the posterior segment of the eye is pressed 
against the optic nerve and the latter is invaginated to a certain extent. Ac- 
cording to Hughes^ rupture of the chorioid is due to stretching and laceration 
of the eye by the optic nerve. According to Lohmanny the rupture takes place at 
the point where the tension changes to the opposite direction. I believe with 
Sioewer that the real factor is the unequal elasticity of the sclera and chorioid. 

Detachment cf the chorioid has been observed in rare cases of contusion. 
This may be caused by a large hemorrhage, or by a subchorioidal oedema. The 
detachment of the chorioid after cataract operations, which has been described 
already, is much more frequent. I need hardly add that hemorrhages are promi- 
nent among the lesions in the chorioid that follow contusion. These may occur 
either with or without rupture and may be either in the tissue of the chorioid 
itself, or in the suprachorioidea. In the latter case the chorioid is pressed up 
from the subjacent tissue and the picture of a flat detachment of the retina is 
produced. A chorioidal hemorrhage frequently breaks through the retina and 
produces a hemorrhage into the vitreous. We do not need to mention again the 
visual disturbances caused by these hemorrhages. 

In all cases in which chorioidal hemorrhages have occurred we most expect 
that extensive patches will be formed in the fundus, characterized on the one 
hand by decolorization, on the other by pigmentation. A connective tissue 
thickening of the chorioid, and adhesions between it and the retina, are formed 
through the laceration and thrombosis of its vessels; through this the pigment 
epithelium of the retina has to suffer. The outer layers of the retina also are 
destroyed, the stroma is thickened and pigment wanders into its tissue. This 
decolorization and pigmentation of the fundus usually appears months later, 
only in the rarest cases does a sort of acute pigmentation appear in the fundus 
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immediately after an injury. The beautiful atlas of Oeller contains a |Hcture of 
a case of this nature. 

Hypotony and Glaucoma after Conttisions of the Eye 

The most important ch'nical symptom in this patient is the increased tension 
of the eye. The man, 40 years old, was struck in the eye by a rubber tube and 
the only thing we find, except for some slight lesions in the cornea, is this in- 
creased tension. This teaches us that the change of fluids in the eye may be 
materially influenced by such an injury, and we have now to determine the cause 
of the glaucoma. Secondary glaucoma caused by luxation of the lens is a 
frequent symptom after a contusion. It can also be understood that a real 
attack of glaucoma may be excited by an injury when there is a predisposition* 
to this disease. Other causes of traumatic glaucoma are hemorrhages, either 
primary or secondary, and gelatinous transudations into the anterior chamber. 
The signs of contusion are often so slight that the glaucoma seems to be pri- 
mary. 

In this case I can demonstrate something that happens more rarely: By 
means of Zeiss* loupe we may see something that looks like a clear, transparent 
drop that hangs down from above into the anterior chamber and quivers with 
every movement of the eye. It is not a subluxated lens; that organ is in its- 
normal place and position ; it is a large prolapse of the vitreous into the anterior 
chamber. A rupture of the zonule must evidently precede the occurrence of this 
complication, but it cannot be demonstrated as the lens is normally fixed. The 
vitreous in the anterior chamber must be looked upon as the cause of the in- 
creased tension and we shall try to remove it. 

We may also meet with the opposite condition, a marked hypotonia, after 
contusion. In such cases the ciliary body is much irritated, as is shown by the 
ciliary injection and tenderness, the anterior chamber is deep, the iris somewhat 
hypenemic and the tension much lowered. It is plain that in such cases the 
injury brings about a vascular paralysis in the ciliary body with hemorrhage 
and cedema. 

The irritation of the ciliary body may also manifest itself in a spasm of accom- 
modation, which increases the refraction and produces the so called traumatic 
myopia. This spasm of accommodation generally passes away spontaneously in 
a few days, or the traumatic myopia may disappear under the influence of atro- 
pin. A traumatic myopia after a contusion may arise in other ways. The 
zonule may be relaxed as the result of stretching, so that the young lens be- 
comes more convex, or the myopia may be caused by subluxation or luxation of 
the lens. A myopia due to a lengthening of the axis of the eyeball is unknown 
as a result of a contusion. 

88. Subluxation and Luxation of the Lens after Contusion 

The history of this case is that of a contusion. 

The eyeball is not ruptured and any injury it may have suffered must be iii' 
either its anterior, or posterior segment. No lesions are to be detected in the 
lids, conjunctiva, or cornea, so we examine the anterior chamber by means of 
focal illumination. In this patient its upper part is deeper than the lower, and 
when he is directed to look in various directions the iris is seen to trem- 
ble with the movements of the eye. These symptoms prove that the lens i» 
either insecurely fastened, or is dislocated. 
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The lens is either in an oblique position, one margin directed somewhat for- 
ward, the other backward, or it has been displaced laterally, so that it no longer 
lies in the centre of the fossa patellaris of the vitreous. It may be dislocated to 
the right, left, upward, or downward. In this case the anterior chamber is 
shallower below, showing that it is dislocated downward. 

The margin of the lens is now to be looked for by means of focal illumina- 
tion and the ophthalmoscope. We first try focal illumination and if the margin 
is not readily made out we dilate the pupil with homatropin. 

As soon as the pupil is sufficiently dilated its aphakic portion appears deep 
black, in contrast with the part that contains the lens, which appears to be of 
a delicate gray, even when the subluxated lens is perfectly clear and trans- 
parent. If light is thrown into the eye by a mirror the normal red reflex is ob- 
tained. The portion of the pupil that contains the lens appears thus delicately 
gray, because light falling on the transparent lens is reflected, especially when 
in a subluxation it strikes upon its peripheral parts. 

The margin of the lens is to be recognized at the sharp line of demarcation 
between the delicate gray and the deep black of the aphakic pupil. In this 
case the upper margin is seen ; therefore the lens is dislocated downward. 

As the margin of the lens comes out still more freely while the pupil is be- 
coming dilated it appears to be brilliantly golden, almost luminous. This is be- 
cause the rays of light near the margin undergo total reflection. They fall 
obliquely on the posterior surface of the lens and are reflected back to the ob- 
server. 

The second method of looking for the margin of the lens is with the ophthal- 
moscope. It is not always advisable to dilate the pupil in this manner when the 
lens is luxated, and then we look for the margin with this instrument. Its ap- 
pearance now is quite different ; it looks black. This is because the light return- 
ing from the eye is so greatly deviated in its passage by the almost prismatic 
portion of the periphery of the lens that it does not return to the eye of the 
examiner, but leaves the margin of the lens unlighted, black ; if, however, you will 
now move your eye slowly toward the opposite side of the margin of the lens, 
you will come to a place where the margin is resplendent while the rest of the 
lens is dark, as was shown by Dimmer, This is the wa}' in which we determine 
the direction and the kind of the dislocation. Frequently a distorted and an 
oblique position coexist. Thus we diagnose in this patient a traumatic disloca- 
tion of the lens. 

In contradistinction to the traumatic luxation there is a spontaneous luxa- 
tion which takes place without external cause, concerning which I refer to our 
studies of congenital dislocation of the lens. We are interested today only in 
the traumatic dislocation. 

When the lens is only shoved somewhat out of the fossa patellaris we call the 
dislocation subluxation. When the displacement is greater, especially when 
the lens is no longer completely visible in the pupil, we call it a luxation, but 
a sharp line cannot be drawn between the two conditions. 

How is it that the traumatic dislocation of the lens takes place in an eye 
which has hitherto been apparently healthy? Normally the suspensory ligament 
of the lens, the zonule, is tense and fixes the lens perfectly. We can jump and 
perform gymnastic feats without displacing the lens, yet the zonule is a very 
delicate structure. 

This suspensory ligament can be seen very beautifully if we press carefully 
on the lens of the fresh eye of an ox, from which the cornea and iris have been 
dissected away, and it is evident at once that this delicate structure may be 
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torn in a contusion as a result of the increased pressure and displacement of the 
aqueous. 

The subjective symptoms of traumatic subluxation of the lens depend pri- 
nmrily on the extent of the laceration of the zonule. Small lacerations may 
cause no disturbing symptoms whatever. In rather larger lacerations the lens 
is movable. It has been thought that an iridocyclitis might be excited by the 
pulling of a movable lens, but I do not believe in such a mechanical cause of 
this disease. The patients complain chiefly of disturbances of vision, the es- 
sential points of which may be learned from this case. 

We ascertained, while the pupil was still contracted and the margin of the 
lens hardly visible In it, that the patient has a considerable degree of myopia which 
he says positively that he did not have before the accident. When the zonule is 
relaxed the lens tries to assume a spherical form, provided that the man is of a 
suitable age. This relaxation is furnished in traumatic subluxation by the 
tearing of the zonule; hence the lens has become arched forward and the far 
point has been brought near. The mechanism of accommodation must be im- 
paired when the zonule is extensively lacerated. 

Together with the myopia we find a considerable degree of astigmatism. 
The explanation of this is that the displaced, or obliquely placed lens refracts 
light with unequal strength in the different meridians. The refractive power 
may vary even in different sections of the same meridian. 

When the pupil of our patient has been dilated, or when from the first the 
margin of the lens lies in the pupil and divides it into one portion that does, 
and one that does not, contain the lens, we have monocular diplopia. Part 
of the rays enter the eye through the aphakic portion of the pupil, 
where there is a high degree of h3'permetropia and the refractive power of the 
eye is slight. These rays would meet behind the retina. The rays that pass 
through the lens undergo a strong refraction, because the lens is extremely 
convex after laceration of the zonule, and in this part of the pupil the refraction 
is myopic. In addition to this these rays are deviated downward by the prismatic 
action of the lens. Thus two images of one point are formed on the retina — 
monocular diplopia. Not only can the patient see double, but for analogous optic 
reasons the fundus appears to be double during an ophthalmoscopic examina- 
tion. 

Finally, the subluxated lens may gradually become opaque and so impair 
vision. This may happen either with or without laceration of its capsule. 

Aside from these disturbances, a patient with a subluxated lens must always 
be in danger that a partial luxation may become total, as the result of the con- 
stant movement of the lens and the tearing of the fibres of the zonule. The lens 
then disappears into the vitreous, where it excites further trouble, or it may be 
dislocated into the anterior chamber. We must therefore be careful about di- 
lating the pupil in considerable degrees of subluxation. 

More often subluxation of the lens causes secondary increase of tension in 
the eye. This may appear immediately, or soon after the injury; in other more 
fortunate cases it may not appear at all. We ascribe as the cause of this in- 
creased tension a shallowness of the anterior chamber and a closure of its sinus, 
which in many eyes may suffice to prevent the escape of the aqueous. We see 
such an increase of tension follow the simple displacement of the lens. If the 
lens swells as the result of a laceration of its capsule, still more if a spontaneous 
cataract develops, another factor is added which may lead to increased tension 
after subluxation. 

The duty of the physician in cases of traumatic subluxation of the lens 
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varies with circumstances. The laceration of the zonule cannot be repaired. If 
the subluxation causes no trouble through a secondary increase of tension and 
the patient has another good eye it is best to leave it alone. When the injury is 
fresh the eye should be bandaged for a while, especially when hemorrhage is pres- 
ent. If the patient is much distressed by diplopia a ground glass may be placed 
before the injured eye to exclude it from participation in the act of vision. 

If the other eye has been injured or lost we must try to correct, by means of 
glasses, the abnormality of refraction produced by the luxation. If one part 
of the pupil is aphakic this portion may be corrected by means of a cataract 
glass, or the refraction of the rays that pass through the lens may be corrected 
by a concave glass; the one of the two that will give the best vision is to be 
chosen. 

If the patient has from the first, or develops in the course of time, troubles 
referable to secondary increase of tension, the aid of the specialist is necessary. 
Here, in the clinic, we first try to reduce the tension with eserin. If this 
cannot be done we perform iridectomy, but experience has taught us that the 




Fig. 78.— Monocular Diplopia in Luxation of the Lens. 

effect of this operation is not very satisfactory in this form of secondary glau- 
coma. 

Extraction of the lens is difiicult, the relaxation and laceration of the zonule 
readily lead to a great loss of vitreous, and we never attempt to perform this 
operation except in cases of absolute necessity. 

' The objective symptoms in traumatic luxation of the lens into the vitreous 
are in line with those that have been mentioned. The anterior chamber is deep, 
the iris somewhat sunken, the pupil deep black, the iris tremulous. The same 
functional hypermetropia exists as after an operation for cataract, if the eye 
was emmetropic before the injury. 

The question what is to be done for eyes in which the lens has been dislocated 
into the vitreous has been considered in connection with reclination of senile 
cataract, so here it may be dealt with briefly. 

Frequently this form of luxation of the lens is harmless to the eye. The lens 
usually becomes opaque after a time, swells, shrinks and calcifies; in very rare 
cases it may be completely resorbed. Even when it has been freely movable for 
years it generally becomes attached to the retina and chorioid and either grows 
adherent, or induces secondary glaucoma. Such eyes have to be enucleated 
finally. An iridectomy alone may be tried at the commencement of the increase of 
tension, as an extraction of a lens floating in the vitreous is an impossibility. 

The lens may also be dislocated into the anterior chamber by a contusion. In 
such cases the troubles of the patient and the symptoms are quite different from 



r 



LrXATION OF LENS INTO THK ANTERIOR CHAMBER 3*S 

the beginning. The eye has a very marked ciliary injection and the patient 
compUiins of severe pains that radiate over half the head. If the cornea is still 
clear tl.c lens may be seen to lie like a large drop of oil in the anterior chamber, 
its margin forming a golden, lustrous line. The anterior chamber is deep in 
its centre, but usually still deeper in its lower portion, where the iris is pressed 
backward by the lens. The cornea becomes opaque very soon in such cases as 
these. The gravity of the Bituatior. !3 indicated hv the increase of tension oc- 
casioned by the direct obstruction to the outflow of the aqueous presented by the 
lens in the anterior chamber. The iena capsule may remain intact, or it may be 
torn, in whicli case, if the cornea iK not too opaque, the radiating and irregular 
opacities of the rapidly swelling lens may be seen very distinctly as it lies in the 
anterior chamber. The lens does not always remain wholly in the anterior 
chamber, sometimes it lies partly in it, partly beliind the iris, in which case the 
iris is said to "ride" on the equator of the lens. 

The mechanism of displacement of the lens into the anterior chamber as sug- 
gested by Foerster is as follows : 




Fig. 74.~Luxation of Lens into the Anterior Chamber. 

This form of luxation of the lens is met with only in cases in which the 
blow falls vertically on the centre of the cornea, so that the cornea is flattened, 
the aqueous is caused to press the pupillary portion of the iris firmly against 
the lens and to pouch its peripheral portion back into the posterior chamber, 
80 as to dilate the pupil, perhaps with laceration of its sphincter, and to rupture 
the zonula. In such a case the lens slips through the dilated pupil into the 
anterior chamber, the tension of the iris gives way and the pupil contracts, im- 
prisoning the lens in the chamber. 

Therapeutically there is only one thing to be done, to extract the lens at 
once; otherwise the eye may be blinded by secondary glaucoma. 

89. Opacities of the Lens after Contusions 

This man was struck by a piece of wood in his right eye a year ago. He had 
a moderate degree of pain and states positively that after the swelling of the 
lids had subsided he could sec well with the eye. About three months later his 
vision became bad. His claim for indemnity thus far has been rejected because 
the visual trouble appeared so long after the accident. 

One eye is healthy, with perfect vision. In the other, which was formerly 
injured, an opacity of the lens may be seen both by oblique illumination and 
with the ophthalmoscope. The pupil should be dilated to facilitate the exami- 
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nation. Then a radiating figure may be perceived with the ophthalmoscope, 
which is plainly due to the sectorlike arrangement of the lens fibres and -apper- 
tains to the posterior cortex. This localization is easily determined by means of 
the parallactic movement. Lenticular opacities following contusions present 
many clinical pictures, they are met with in the anterior and posterior cortex, 
as well as throughout the lens. The stage of the cataract, the nature of its 
etiology and the age of the patient influence the clinical picture. 

The question is whether a cataract can develop after a contusion without 
rupture of the eyeball, or a dislocation of the lens, a long time after the receipt 
of the injury. It has been proven by experiment and by clinical observation 
that this question may be answered unconditionally in the affirmative. Many 
researches have been instituted in which opacities of the lens have been produced 
in animals after various forms of contusion, but above all clinical observation on 
man, as shown by many reported cases, has rendered positive the occurrence of 
these cataracts. 

The etiology of such a contusion cataract may be twofold. In the first 
place the lens may become cataractous after a contusion without the slightest 
demonstrable injury of its capsule. We must therefore suppose that the con- 
cussion of the lens alone is able to bring about a certain displacement in its 
texture and an injury to its epithelium and cortical fibres, which react with an 
increased permeability for water. 

In the second place it is a noteworthy fact that a laceration may take place 
somewhere in the capsule of the lens, as the result of a contusion, without luxa- 
tion of that organ, or rupture of the globe. The posterior capsule, which is 
particularly thin near the posterior pole, is ruptured more readily than the an- 
terior by a contusion, and many such cases have been reported, but ruptures of 
the anterior capsule also occur. 

It is supposed that the rupture of the capsule takes place in the following 
way. When the eyeball is compressed from before backward in a contusion its, 
transverse diameter must be increased, the corneoscleral margin with the inser- 
tion of the zonule must be stretched, and then the zonule, or the lens capsule may 
be torn. If the ophthalmologist sees the patient soon after the injury, if the 
ruptures in the capsule are large, and especially if they lie near the anterior or 
posterior pole of the lens, he is able to find them without difficulty; but if they 
are very small, are covered by the iris, or if they lie near the equator of the lens, 
it is sometimes very difficult, if not impossible to determine clinically whether the 
contusion cataract occurred with or without a laceration of the capsule. We 
thus come to the conclusion that the contusion was the cause of this patient's cata- 
ract, and will aid hini in the maintenance of his claim. 

It is nothing uncommon that our patient first observed his visual disturbance 
several weeks after his injury. How many people discover late in life that they 
can see better with one eve than with the other! The commencement of the 
cataract may date back farther than is stated by our patient, for he naturally 
did not notice the disturbance of vision until the opacities extending from the 
periphery of the lens had begun to encroach upon the pupil. 

In this form of cataract we wait quietly at first, because we know that the 
opacities may clear up extensively, especially if they are situated in the posterior 
cortex, but if they extend, as they seem to be doing in tliis case, extraction must 
be considered later. Vossius was the first to describe the circular opacity of the 
anterior surface of the lens, which corresponds to the form of the pupil, as oc- 
curring after contusions. The iris is occasionally imprinted by the compression 
upon the anterior surface of the lens, and leaves behind a stamped impression of 
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the margin of the pupil. These opacities have a brownish tone of color and con- 
sist partly of pigment that adheres to the capsule of the lens. 

I will now demonstrate the way in which a contusion cataract is produced in 
a rabbit. The eye is cocainized and I strike it with the finger, as in percussion, 
for several minutes, as recommended by Has. The pupil becomes contracted, 
the iris becomes very hypereemic and finally an exudate is formed in and covers 
the pupil. The contusion is repeated to accelerate the development of cataract 
and 1 will exhibit the animal at another time. 

The first opacities in the lens can usually be seen after a few hours at the 
posterior suture. Circular opacities also develop in the posterior cortex near 
the equator of the lens. The experiment is without serious effects to the animal, 
as this contusion cataract undergoes involution in a few days or weeks. 



90. Aseptic Perforating Wounds oF the Eye and What the General 
Practitioner Should Do in Cases of Injury 

What is the general practitioner to do when a case of recent injury to the 
eye enters his office? 

The historj' is to be taken first. A few hours ago a knife Made struck this 
patient in the i^e; he immediately felt severe pain and also felt a warm fluid 
escape from his eye, since which he has been unable to see well with it. 

The next (juestion is whether the injury is superficial, a contusion, or a per- 
forating wound, the latter of which is always the most important. 

The lids are to be separated carefully. In the cornea may now be seen a 
clean cut wound running outward from its centre and extending some millimetres 
lieyond the corneoscleral margin. The margins of the wound in the cornea are 
swollen and slightly gray. This is because the corneal tissue eagerly absorbs 
water as soon as the epithelium or endothelium is mjured. Where the wound 
lieH in the sclera it is surrounded by a 
subconjunctival hemorrhage. This is 
u case of oerforating wound of the 
eyeball. 

In addition to the history and the 
appearance of the margins of the 
w;ound the signs of perforation are: 

1. The condition of the anterior 
chamber; in fresh cases the anterior 
chamber is abolished, or very shallow, 
because the aqueous has escaped. 

2. The condition of the intra- 
ocular tension; if we let go the mar- 
gin of the lid and take the tension 
we find it very low and the eyeball 
feels soft. 

3. The condition of the lens; an 
injury of the capsule furnishes an- 
other positive sign of perforation. 

4. The distortion and prolapse of the iris; this furnishes in our case another 
positive sign. A black brown mass is to be seen between the margins of the 
corneoscleral wound. Part of the iris was carried out by the escaping aqueous 
and became caught between the margins of the wound, forming a prolapse of the 
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iris. When the wound gapes still more widely in these cases a portion of the 
riliary body and of the chorioid may prolapse. Even the retina is sometimes 
visible as a gray cord between the margins; or a clear bead of vitreous may 
appiear and begin to grow turbid in a day or two. In a wound through the 
sclera traces of blood, or even the penetrating foreign body, may be perceived 
with the ophthalmoscope. Then when it has been ascertained whether lingers 
can be counted or not the examination is finished. 

The fate of the injured eye depends on whether the wound is, or will become, 
infected, for however severe a wound of the eye may be it will heal just as well 
as in other organs, and the preservation of form and vision depends only on 
how much the interior of the eye has been harmed by hemorrhage, loss of vitreous 
and injury to the lens, and in how far the cicatrization of the aseptic wound 
may lead to atrophy. An aseptic wound of the cornea unites very quickly, the 
swelling and opacity of its margins pass away in a few days; the eye becomes 
pale in from eight to ten days, and the wound leaves only a scar in the cornea. 

The question whether the wound in this case is already infected, whether 
the foreign body has inoculated some agent of infection in the margins of the 
wound, or in the interior of the eye, cannot yet be determined. Primary infec- 
tion of the wound cannot be prevented and wSlI show itself in a few days. 

Besides primary infection secondary infection of the wound needs to be 
borne in mind. Even the normal conjunctiva contains bacteria that may enter 
the wound subsequently. This danger is particularly great when the con- 
junctiva is in a state of chronic inflammation, as is frequently the case in people 
of the laboring classes, or when a dacryocvstitis is present. Patients may also 
touch their injured eyes with their fingers, or with soiled cloths. The danger of 
secondary infection is great and many eyes injured in this manner are lost in 
consequence. When this secondary infection has taken place we cannot regard 
the wound. Evidently prophylaxis cannot be undertaken too early to prevent 
this complication and as such cases, especially in the country, go to the general 
practitioner it is plainly his duty to guard against infection. 

When any other organ is wounded and bleeds it is to be bandaged. It is re- 
markable how many practitioners are timid about dealing with an eye, and 
how many patients with such an injury come to the clinic without even the 
necessary protective dr<tsing. The general practitioner should not only apply 
a dressing to such an eye, he can and should treat it operatively. 

First the vicinity of the eye, which is often dirty, should be cleansed with 
soap and water, then with henzin. Then the patient should be laid on the 
operating table, or on the sofa in the office, and his eye cleansed together with 
the wound. Some drops of cocain are to be instilled and the conjunctival sac ii^ 
rigated thoroughly with a sterile physiological salt solution, or with a solution, 
of boric acid. The region of the wound is also to be cleansed. 

If tlic wound is small and none of the contents of the eye are between its 
margins some sublimate vaseline should be introduced into the conjunctival sac, 
an antiseptic moist dressing applied and the patient sent cither to the clinic, or 
to bed. If the wound is large and gapes it is best to introduce a suture in the 
conjunctiva at the corneoscleral margin in order to prevent a further prolapse of 
the vitreous. 

If, as in our case, the iris, chorioid, or vitreous is prolapsed through the 
wound the eye must be thoroughly cocainized. A small pair of forceps and of 
scissors should he boiled and some sutures prepared. The patient is then to be 
prepared, the physician cleanses himself and is then ready to iibscise the pro- 
lapse. The lid elevator is introduced, the prolapsed iris seized with forcep*. 
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drawn out very carefuUy and cut away with the scissors. If the physician has a 
steady hand and some iris still remains between the inner lips of the wound he 
may try to replace it in the anterior chamber, provided that the wound in the 
cornea has not yet closed. One or more sutures should then be introduced 
through the conjunctiva bulbi at the corneoscleral margin, including the upper 
layers of the episclera. The eye is then dressed and now for the first time is the 
patient ready for the journey to the clinic. Many eyes that have been injured' 
owe their preservation to the stitch taken in time. This therapeutic procedure 
does not exceed the competence of the general practitioner, and every specialist 
will be thankful for such cooperation in the treatment of wounded eyes. 

In the clinic, still other measures are taken in these cases. Frequently it 
is necessary to introduce fine sutures in the cornea itself, or to cover the wound 
with a flap of conjunctiva in order to guard against infection, or to promote 
a better union. 

If the wound in the cornea lies in the limbus the conjunctiva may be slid over 
it, if it extends farther into the cornea it may be covered by a bridgelike flap 
of the conjunctiva bulbi with a double pedicle. In many cases we have to make 
a timely removal of the swollen lens material. 



91. Perforating Wounds of the Eye with Acute Purulent Infection 

and Their Treatment 

I always try to impress the point that the first question of the practitioner 
when he sees an injured eye should be instinctively : Is this a perforating wound, 
or not? Then follows the second question, whether the wound is infected or 
not, for of all the dangers incident to an injury of the eye, infection, with its 
consequences, is the complication which is of the most importance to the 
prognosis. We fear nothing so much as the entrance of microorganisms into the 
wound and the infectious inflammation they excite. Every wound of the eye, 
whether superficial or penetrating, may become infected. 

Most superficial injuries of the eye, that become important through infec- 
tion, lead to ectogenous infectious diseases of the cornea in the form of ulcers, 
which have already been described. 

Every infected perforating wound of the eye has from the start a more 
serious importance than a superficial infection, for three reasons: 1, an infected 
perforation, even when the wound is very minute, may very easily cause a total 
loss of vision ; 2, the gravest changes in the form of the eyeball may be brought 
about, usually by contractions, after the subsidence of the intraocular inflamma- 
tion ; 8, a certain group of infected perforating wounds may not only portend, 
but bring about grave danger to the second eye through sympathetic inflamma- 
tion. These are sufficient reasons why no physician who sees an infected per- 
forating wound should neglect to institute correct measures. There are three 
fundamental types of the clinical picture, between which are many intermediate 
forms. 1, acute suppuration of all the contents of the eyeball: panophthalmitis; 
8, purulent inflammation confined to the anterior se^nnent of the eyeball: oph- 
thalmia purulenta anterior; 8, purulent inflammation confined to the vitreous: 
ophthalmia purulenta posterior, or abscess of the vitreous. 

Two days ago this man was struck in the eye by a splinter of wood. Today 
hotii eyelids are very cedematous and swollen, he cannot open his eye, nor can 
it be opened except by means of the elevator, with which the lids can be separated 
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somewhat, cnuugii to icvcitl a very graic 
of the eycbnil. 

Wc find a Kounil in the cornea, the margins of which arc dirty yellow, the 
aqueous is quite turbid, the lens is opaque and swollen, the iris exhibits a dirty 
dii^culorstion, the conjunctiva is very chcuiotic, the eyeball is protuberant, in a 
condition of exophtlialmos, and is immovable. The patient complains of extreme 
pain and his temperature is 38°. 

The quick development of this entire grave clinical picture in one or two 
days after the injury is characteristic. In such a case there is not the least 
doubt that it is an acute purulent infection of the interior of the eye following 
perforation. Pus agents of the most virulent kind must have been transplanted 
into its interior. In some cases their entrance is more gradual. Thus, for ex- 
ample, a panophthalmitis may originate from a perforating ulcer of the cornea 
when the suppuration passes inward. 

e nf panophthalmitis be left to itself, or should the jtatieat 
iijval of the fve, its spontaneous course is as follows: After 
a number of days, when the inflammation has 
reached its acme, the pus seeks an exit and 
escapes, either through the wound, or if this has 
closed, or is too small, through a rupture at some 
point in the sclera. The paiu ceases as soon as 
the pus has escaped, but the eye undergoes 
atrophy, phthisis bulbi. 

In our second case the eye has likewise a great 
conjunctival and ciliary injection, but botli the 
great swelling of the lids and the chemosis are 
wanting. In the cornea we see a flaplike, ir- 
rLgular, perforating wound, the margins of 
which are not simply slightly gray and swollen, 
as when it is fresh and aseptic, but inflltrated 
with yellow pus. The opacity in the par^ 
cnchyma extends far beyond the limits of the 
margins of the wound. The anterior chamber is 
present, the pupil niuch contracted, the details 
of the iris are very indistinct and nearly a third 
of the anterior diambcr is filled with a fibrinopurulent exudate. In this 
ease the lens is intact. This is a purulent infection of the wound caused by a 
perforation of the cornea, which appears to be confined to the anterior segment 
of the eyeball. 

The next clinical picture is slill diiTercnt. This child has been shot with an 
arrow. The eye is somewhat photophobic and is not greatly irritated, aside 
from a moderate ciliary injection. At the outer corneoscleral margin is n very 
small perforation in which the iris is caught. The latter is only moderately dis- 
colored and the lens is still transparent. By oblique illumination a yellowish 
greenish reflex is obtained from deep in the eye, especially when it is looking 
downward and outward. A weak, reddish light may be seen with the ophthalmo- 
scope when the eye is directed upward. This is a perforating wound of the 
sclera with prolapse of the iris, but the injury is not aseptic, there is an abscess 
in the vitreous which as yet is circumscribed. 

In order to understand these cases of purulent infection after perforating in- 
juries we must consider how the infection takes place. 

An infection may be primary or secondary. The iiiflummatory agents n.ay 
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be inoculated immediately into the wound by the object that produces the in- 
jury. They may be directly adherent to this object, or they may be caught up 
by it from the surface of the eye, the skin, or the margin of the lid, and carried 
with it into the eyeball. As I have repeatedly said, under normal conditions and 
still more when there is inflammation of the conjunctiva, margin of the lid, or 
lacrymal sac, infectious germs are to be found on the surface of the eye, on the 
conjunctiva, on the margin and on the skin of the lid. 

The other possibility is that the wound was originally aseptic, but that in- 
flammatory agents settled and proliferated in the wound secondarily, after the 
lapse of hours, days, or even weeks. The larger the wound, the longer it gapes, 
or is not closed, the greater is the danger of secondary infection. Contusion of 
the margin of the wound, or prolapse of the iris and vitreous, likewise favors 
subsequent infection of the wound. 

Adherent and ectatic cicatrices may excite a grave internal inflammation of 
the eye even months or years after an injury has healed aseptically. In cata- 
ract operations the resultant scars with incarceration of the iris and cystoid ci- 
catrices may give rise to purulent intraocular inflammation, even to the worst 
form of panophthalmitis. The same result can come from the scars left by ac- 
cidental injuries. Wagenmann has shown that the purulent inflammation is 
caused in such cases by a fresh ectogenous infection which begins in the cicatrix. 
A slight defect in the epithelium over such scars, which may easily be produced 
mechanically, as by rubbing the eye, may suffice to furnish an entrance to the 
microorganisms. The rapid penetration of the infectious agents into the vitreous 
is explained by the peculiar anatomical condition of such eyes and the frequent 
inclusion of the iris between the margins of the wound- 

Such an inflammation may be confined to the anterior segment of the eyeball, 
or from the first to the posterior segment, the vitreous, and many transition 
forms between these two possibilities are met with, for the inflammation may be 
acute or may involve the difl'erent parts of the eye during a prolonged period. 

We will now turn to the microscopic study of cases in which the inflamma- 
tion has involved the anterior segment of the eye. 

The margins of the wound are swollen and much infiltrated with pus cells. 
We see very characteristic changes in the anterior chamber. We see a fibrino- 
purulent inflammation of the iris in which the ciliary body is greatly involved. 
The tissue of the iris and ciliary body is much thickened and permeated with 
leucocytes. The vessels are distended with blood, which has escaped from them 
here and there. A fibrinous exudate, permeated with pus cells, lies on the sur- 
face of the iris, in the pupil and on the posterior surface of the cornea. 

Sometimes a distinct hypopyon can be seen at the bottom of the anterior 
chamber. When the purulent inflammation is more severe, or when it has ex- 
tended farther into the eye, a purulent, fibrinous exudate is thrown oflF by the 
ciliary body, which fills the posterior chamber, envelops the lens and even involves 
the most anterior portion of the vitreous. 

It is plain that such an infection as this may lead to the loss of the eye, but 
we have both clinical and anatomical proof that a purulent or fibrinopurulent in- 
flammation of the anterior segment of the eyeball may recover. If, for example, 
a purulent infection of the cornea comes to a standstill, the purulent or fibrino- 
purulent inflammation of the anterior segment of the eyeball may disappear 
completely. In this connection it may be recalled that after an ulcus serpens 
has run its course it frequently happens that some posterior synechiae alone 
remains. 

Recovery may take place after moderately severe cases of suppuration in 
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the anterior chamber, but organic exudates in which vessels have developed 
usually remain on the anterior and posterior surfaces of the iris, in the anterior 
and posterior chambers and in the pupil. The exudates in the posterior chamber 
produce more or less extensive adhesions between the iris and the anterior surface 
of the lens. The iris itself is generally very atrophic. The inflammation is then 
past, but even this degree of recovery may be accompanied by sequehe, of which 
I will mention only seclusion and occlusion of the pupil with the complications 
they produce, which has been studied under diseases of the iris. 

The results of the graver forms of purulent inflammation of the anterior 
segment of the eyeball are far more serious. Under the microscope we find ex- 
tensive layers of connective tissue about the ciliary body that produce adhesions 
between it, the iris, and the lens, and may encapsiile the latter. The nutrition 
of the lens is thus interfered with and a cataracta complicata develops. If the 
kns was wounded at the time of injury the suppuration penetrates its substance, 
its tissue breaks down, while a marked infiltration of pus cells and a fokling of 
the capsule are to be seen. The contraction of the vitreous causes the so called 
vitreous detachment ; the retina becomes detached, frequently torn from the ora 
serrata, and the final result is phthisis bulbi. True bone tissue and calcification 
may develop in such organic exudates. 

When the purulent inflammation attacked the vitreous first, or when it ex- 
tended to the vitreous from the anterior segment of the eyeball, it can be per- 
ceiveil that the toxic products of the pus agent caused a massive immigration of 
pus cells into it^ together with a large excretion of fibrin. These pus cells came 
principally from the ciliary body and retina, both of which are markedly infil- 
trated and have deposits qf exudates on their surfaces. In some cases we meet 
at an early stage with a swelling and infiltration of the head of the optic nerve. 
The infiltration of the vitreous may be compared directly with the hypopyon. 
The phenomenon is nH)st striking and noteworthy that in such cases of purulent 
infiltration of the vitreous due to infection with the ordinarT germs, the diorioid 
l» scarcely involved in the infianuuation. Evidently the toxin cannot reach 
the chorioid well because the retina intervenes. Tlus is to be seen most dis- 
tinctly in the microscopic preparations of eyes in which the retina was detached 
at an early period. When the retina has been destroyed in places, or when it re- 
mains lying dose to the cfaorioid, the latter bec o me s involved in the inflamma- 
tkm. Infihiation of its innermost layers and einidations in the sopracfaorioidal 
;!fMice foUow, but the purulent exudate in the vitreous comes chiefly horn tk 
retina. 

In grater cases of total acute suppuratioii the vitreoos is fiUed with bac- 
teria and the changes are not confined to the interior of the eye. Tbe toxines 
induce^ by ttistant action^ inllanmiatory exudations in the retrobulair tissue and 
in the vicinity uf the organ. Thi$ is the anatomical reason of the oedema of the 
tklsk the ex%>|^thahaotk ajid the inmiotahty of the eyeball* met with in panopb- 
thahvutis. It giws without saying that such an eye most be blinded. The 
outer wall of the eyeball may be broken through in panophthahnitis* a qnaniitj 
of the piuruWttt c^wtent^ may be evacuated and the eyeball be destfoyed 1^ 
atn^y ; phthfe$i» bulK is the tbal outcosae after panofMhalmitis. MUer de- 
grees cNf porukttt infectiott of the vitreous are met witk. Oia ttus dale we see 
that the pos^ is cuailmed to a (Hxrtion of the vitre«ius« fonun^ ^i^^ thi^tw It is 
sunrQU»ded by a marked fibrtinott^ itttttration of the vitreou»» \n wUch file in- 
f ectmt i^ kvahjeil 

Vi$M«i w ^at^ in otrfjt the rarest instances of afcscess of Ae vtbreous. Hie 
ak$oKs is eeMcapsuled by v>c^E^uiiied vvmfeectixe tiso^ue^ the pifts k i< a< g h ed and 
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placed by dense connective tissue. Ordinarily tlie result is worse, even though 
the inflammation gradually declines. The organized tissue surrounding the 
abscess is frequently connected with the capsule of the eyeball and as it shrinks 
it draws the retina away from the subjacent tissue. Usually a considerable de- 
tachment of the ciliary body and of the chorioid is also met with. At first, 
while the processes of healing are taking place, the form of the eyeball is still 
norma], but very soon the expert notes from the lowering of the intraocular ten- 
sion that the gradual contraction of the eyeball has begun. With the reduction 
of the tissue of the vitreous and the onset of total detachment of the retina the 
fat* of s-jch an eye is decided. Perception of light is always uncertain, the 
projection is bad; phthisis bulbi is the most frequent result of on abscess of 
the vitreous. A deep depression of the scar after grave injuries is often a dis- 
tinct sign of a commencing phthisis of the eyeball. 

A physician has to decide in such cases as these what part of the re- 
sponsibility he is able to assume himself and what he must turn over to the 
specialist. If he is content to turn the injury over 
to the ophthalmologist I still advise that he 
thoroughly cleanse the vicinity of the eye with soap 
and water, and benzin, that he irrigate the con- 
junctival sac with boric acid solution to remove as 
much as possible of the purulent secretion, atid 
that he abscise, after cocainization, any tags of 
tissue that may be hanging from the infected 
wound, or from the eyeball in which the infection 
is supposed to be present. Then, after the intro- 
duction of an ointment containing sublimate and 
cocain, or of an antiseptic powder like iodoform, a 
dressing should be applied and the patient may 
go his way to the specialist. 

The measures we take vary according to the 
facts in each particular case, especially according 
to whether the infection is in the anterior, or the 
posterior segment of the eyeball. Generally we 
proceed as follows: In an infected, perforating 
wound of the cornea associated with iritis and 
hypopyon we try to ascertain, by slides and cul- 
tures taken from its margin, the nature of the 
infectious agent. 

If we find pneumococci, which are not rare, we give the patient one or more 
injections of pneumococcus serum to immunize the body. If the infectious germ 
is one against which we have no specific remedy, this measure cannot be taken. 
Then the wound in the cornea is opened, washed out and the necrotic margins 
are abscised or touched with the thermocautery in order to destroy the greatest 
part of the focus of inflammation, if it is within reach. 

If there is a severe purulent iritis with a large hypopyon we perform a 
paracentesis of the anterior chamber at the limbus, if it is not possible to evacu- 
ate the hypopyon through the wound. The effect of paracentesis has been 
described in connection with ulcus serpens. 

If the inflammation is not checked by these measures the cauterization and 
paracentesis must be repeated and the anterior chamber washed out with a 
sterile 0.85% salt solution. A dressing, rest in bed and free instillation of atro- 
pin complete the treatment. I have wholly abandoned the introduction of iodo- 
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form into the anterior chamber in purulent infection of the wound, as have other 
opht halmologi st s . 

Much benefit may be obtained in suitable cases from covering the defect pro- 
duced by the abscission of portions of the cornea by a conjunctival plastic opera- 
tion as done by Kuhnt. When paracentesis is no longer indicated, or cannot be 
performed, we may use subconjunctival injections of salt in order to promote the 
metabolism in the anterior segment of the eyeball. Whatever happens we da 
not relax our efforts to save the eye. The iris, zonula and lens, which separate 
the two portions of the eyeball like a diaphragm, render the passage of the 
infectious germs into the depths of the eye difficult, and we can do much thera- 
peutically in the anterior segment. Fluid lost from the eye here is readily re- 
stored, therefore the prognosis of purulent wound infection in the anterior seg- 
ment of the eyeball is generally not so bad from the start, and clinical experience 
has proved that a not unimportant percentage of such eyes may be saved. 

Such a perforation is serious when the lens is wounded. The fragments of 
a swelling lens form excellent nutritive material for suppuration in the eye. In 
such cases we seek to remove these suppurating, or swelling masses of lens 
matter in order to disburden the eye. 

In cases of primary purulent inflammation of the vitreous we are thera- 
peutically powerless. The measures to be taken depend on the clinical severity 
of the symptoms. Immediate exenteration should be performed in panophthal- 
mitis. 

We assume a serious responsibility when we decide that a purulent infec- 
tion is situated mainly in the vitreous. In this child the infection of the 
posterior segment came from a little wound at the limbus. The eye is much 
injected and has an indistinctness of the iris, but it is not painful and has 
maintained thus far its normal form. Through the pupil we obtain a yellow- 
ish reflex from a circumscribed area. It is always hard to sacrifice such an eye, 
but on the other hand we cannot make a free surgical incision and evacuate 
the pus. We must therefore look on rather inactively; we may bandage the 
eye, we may try inunctions in the hope that in this way the infection may be 
brought to a standstill and the pus resorbed. We know that in some cases a 
spontaneous recovery takes place, when the extent of the infiltration and the 
virulence of the agents are slight, but on the other hand we must not forget that 
the ultimate outcome of such infections after recovery is phthisis bulbi. Above 
all we must consider a danger that threatens in such cases. We can never 
know whether such an intraocular infection may not some day excite a sympa- 
thetic iritis in the other eye in spite of its appearance, which is perhaps mild. 
Most weighty reasons these why we should not try to save eyes with abscess of 
the vitreous. Therefore, if the injection of the eye, the irritation and the iritis 
remain unchanged, and the examination reveals loss of perception of light, or 
a bad projection, we shall ask the parents to consent to the removal of the 
eye. Even adults frequently need several days to decide upon such a sacrifice. 



92. Perforation Cataract with Intraocular Infection 

This patient was injured yesterday and presents a very grave condition 
today. The eye has a marked conjunctival and ciliary injection with great 
chemosis, and presents in the cornea a wound with swollen and dirty margins. 
The first question, whether the wound is perforating or not, must unfortunately 
be answered in the affirmative, for the anterior chamber is almost abolished and 
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1ms a purulent exudate at itR bottom. Our second question, whether the wound 
is already infected, receives the same answer. The iris looks muddy and its 
details are indistinct. All this might he explainable by the changes in the mar- 
pins of the wound, but the opacity of the lens proves that the wound is per- 
forating. 

A closer examination of this opacity of the lens reveals that it presents not 
simply the gray tone of a traumatic cataract, but a dirty yellowish tone of color 
which leaves no douht that pus is already present, that this is an abscess of Ihe 
lens. We have learned from other cases with traumatic cataract that the case 
l»ecomes more serious with each openinji of the lens capsule; when an infec- 
tion is present in the swelling masses of the lens the prognosis is very grave. 
In this patient the abaress developed in the lens a few hours after the injury. 

This was because the broken down lenticular substance furnishes an excellent 
nutritive materia! for the pus agents within the eye. 

Aaatomica] examination of such eyes shows that the purulent inflammation 
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extends very quickly from the wound in the capsule into the Uns, The pus 
agents may be traced on the slide in lanes Ijctween the necrotic fibres. 

The next question is whether the foreign body is still in the eye or not. 
When it is positively known to be present we make an attempt to remove it; if 
it is a splinter of iron the magnet is applied at once. Even when there is no 
intraocular foreign body we try to save the eye. The general surgeon opens 
and drains an aKscess; we can only try to withdraw the suppurating masses of 
lens material froni the eye and wash out the anterior chamber. 

The prognosis depends primarily on whether the posterior capsule has been 
perforated and the suppuration has already spread into the vitreous. It de- 
pends also on the nature of the infection and the power of resistance of the eye, 
which varies in different individuals. Sometimes it happens that an eye with 
such an abscess of the lens is saved, but usually the result is panophthalmitis 
and phthisis bulbi. 

Aside from suppuration of the contents of the lens from acute wound in- 
fection, we meet with an involvement of the injured len'^ in the chronic irido- 
cyclitis traumatica induced by perforating wounds. Here is such a case, in 
which ])crforatiim touk jiliice several weeks ago. According to the report of 
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his physician a traumatic cataract was produced and removed by operation. 
The eye is much injected and atrophy is commencing. The patient shrinks from 
the gentlest touch. Above is a coloboma of the iris produced by operation, the 
margins of the pupil are adherent to the remains of the shrunken lens, while 
among the remnants of the lens are numerous dark lumps of pigment and a 
fibrous tissue permeated with blood vessels, which passes beneath the wound 
made at the operation. 

In the anatomical examination of such eyes it is a striking fact that the 
tissue in the vicinity, whether the wound be one produced by accident or by 
operation, tends to proliferate into the sac formed by the capsule of the lens. 
The eye in this patient demands enucleation. 

93. Sympathetic Iridocyclitis and Its Treatment 

About eight weeks ago this patient received a perforating wound of his left 
eye, for which he was treated elsewhere, but after some weeks he discontinued 
treatment as he needed to go back to work. The injured eye remained painful 
and an inflammation gradually developed in his right eye, which impaired his 
vision and finally brought him to us. 

The left eye is totally blind and atrophic. A deeply depressed scar in the 
sclera marks the site of the perforation. The patient shrinks when the eyeball 
is touched, showing that the ciliary body is tender. The pupil is totally oc- 
cluded by exudate, the iris is greatly thickened and its details are indistinct. 

The right eye presents a ciliary injection, deposits on DescemeVs membrane 
and indistinctness of the details of the iris. The pupil has a strong tendency 
to contract and in one place a posterior synechia may be seen. With the oph- 
thalmoscope the vitreous appears cloudy from minute opacities. Our patient 
has been so unfortunate as to develop that which is most feared in perforating 
wounds: sympathetic iridocyclitis of the other eye. 

1. What Must Be the Clinical Nature of the Disease in the First Eye 
when Sympathetic Inflammation Will Occur in the Other ? 

The fact is somewhat remarkable that after an injury of one eye a disease may 
appear in the other that exactly resembles the disease in the first. It becomes 
still more so when we investigate the general condition of such patients and find 
no other morbid changes in the organism. Our patient is perfectly healthy. 
He has no fever, or other sign of a general disease. His eyes alone are affected. 
In such a condition of affairs it is imperative that we should know the clinical na- 
ture of the disease in the first eye when sympathetic inflammation will occur in 
the other. In what diseases of the eye have we to fear sympathetic disease of its 
fellow? It is beyond doubt of the greatest importance that we should be able 
to perceive and recognize the sympathetic nature of iridocyclitis. 

The first essential is that the capsule of the eyeball first diseased must have 
been opened. The largest wounds of the eye heal and remain without irritation 
if they are aseptic. It is also true that sympathetic inflammation need not be 
taken into account or feared in many cases of intraocular infection after wounds 
of the eye. When pus agents enter the vitreous of an eye the first tempestuous 
symptoms of inflammation usually appear within twenty-four hours, at any 
rate they do not delay for days. The ciliary injection, the pain, the discolora- 
tion of the iris, the accumulation of pus in the anterior chamber, or the vitreous. 



DISEASE OF THE INJURED EYE 355 

quickly reveal the purulent infection. Either panophthalmitis develops in a 
short time with great chemosis and protrusion of the globe, or the purulent in- 
^mmation runs a more subacute course and ends in phthisis bulbl. 

In this case the course was quite different. The healing of the wound was 
apparently normal, but the eye never became perfectly quiet. Very gradually 
the signs of a chronic plastic iridocyclitis developed. The eye exhibited ciliary 
injection, deposits were formed on the posterior surface of the cornea, the iris- 
became discolored, showed a muddy discoloration, according to the report of his 
physician, the pupil contracted and no longer reacted to atropin, while one 
posterior synechia appeared after another. About this time large opacities 
were demonstrable in the vitreous ; signs of fibrinous uveitis and cyclitis. Finally 
the entire pupil became occluded by a fibrinous exudate. This exclusion and 
occlusion of the pupil are still present. Meantime the eyeball gradually atro- 
phied. This is the clinical picture of fibrinous uveitis, or iridocyclitis. Hence 
there are two kinds of wound infection of the eye which may follow an injury: 
purulent uveitis and chronic plastic uveitis. 

The second essential for the origin of a sympathetic ophthalmia is that the 
first eye must have suffered from a chronic plastic uveitis in addition to the 
injury. This fibrinous iridocyclitis alone is able to excite a sympathetic inflam- 
mation in the other eye. 

There are exceptions to this rule. In rare cases a purulent inflammation of 
the uveal tract may be followed by a sympathetic inflammation of the second 
eye, but we must remember that these two forms of intraocular infection do not 
contrast sharply, either clinically or anatomically, and that the purulent may 
pass into a fibrinous inflammation. It is, however, beyond doubt that the no- 
torious pus agents are not the agents of sympathetic iridocyclitis; therefore, if 
a sympathetic iridocyclitis follows an intraocular wound infection which origi- 
nally was of a purulent nature, we must suppose that a mixed infection was 
present. 

Thus we have learned how the disease in the first eye must appear in order 
to have a sympathetic ophthalmia follow in the second eye, and the next ques- 
tion is: Under what conditions are these requirements for the pathogenesis of 
this disease fulfilled? 

The commonest cause of sympathetic ophthalmia is a perforating injury 
followed by a persistent chronic fibrinous inflammation, which usually leads to 
atrophy, to phthisis bulbi. Most of the sympathetic diseases of the eye originate 
from such phthisical, injured eyes. 

In rare cases this disease follows a perforating ulcer of the cornea. Such 
ulcers heal quite smoothly, as a rule, and when a sympathetic iridocyclitis does 
follow, it must be that the morbific agent entered the eye through the perforation 
and excited a fibrinous uveitis, which does not otherwise appertain to the clinical 
picture of a corneal ulcer. 

More frequently sympathetic ophthalmia is met with after operations, 
especially after unfortunate operations for cataract. In these cases also the 
wound was not aseptic, but a plastic, fibrinous iridocyclitis was produced. In 
these cases too the opening of the capsule of the globe and the fibrinous uveitis 
were the preliminary requisites for the origin of sympathetic ophthalmia. 

These three factors exhaust the causes of sympathetic ophthalmia. The 
subconjunctival ruptures of the eyeball alone seem at first to hold an exceptional 
position. They are generally benign, because the wound in the sclera is covered 
by the conjunctiva, and when a sympathetic iridocyclitis appears in such a case 
it would seem at first glance as if an opening in the capsule of tke globe was not. 
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an unconditional necessity for the genesis of a sympathetic ophthahnia, but it 
is soon shown that a subconjunctival rupture can excite sympathetic inflam- 
mation only when it is associated with inflammation of the uveal tract, and the 
anatomical researches of Deuischmanny Meyer and others have proved the 
source of the intraocular inflammation. It is evident in such cases that small 
lacerations existed in the conjunctiva, suflicient to permit the passage of the 
microorganisms, but so minute as to escape clinical observation. 

The danger of sympathetic iridocyclitis must be well known, but must not 
Ih> overestimated. The conditions are by no means such that any injured eyeball 
in which a fibrinous uveitis develops must produce sympathetic ophthalmia. On 
the contrary I have demonstrated atrophied eyes in which this danger was not 
present. In regard to the frequency of sympathetic inflammation our 
knowledge is not accurate, because atrophic eyeballs, which perhaps harbored 
the germs of sympathetic iridocyclitis, are frequently and properly removed 
at tlu.' right time. My estimate is that only a small percentage of infected, per- 
forating wounds^ from 1 to Sfc, result in sympathetic inflammation. More men 
tl^an women suffer because tlie former are much more exposed to injuries of the 
eve. Children^ among whom serious perforating wounds are very frequent, 
furnish a large contingent of the cases of sympathetic ophthalmia. I once 
c\>lUtcil at the clinic in Halle 5264 cases of fresh, perforating injuries of the eye ; 
6i% Si5S * of these were in children from 1 to 10 years old. 

The clinical picture presented by the iridocyclitis of the injured eye, which 
gives rise to a sympathetic inflammation, is very similar to that of an oidiiiary 
iritis« as may be seen by comparison with this case of syphilitic plastic iritis. 
We find in hi>th deposits on Detcewfrt^s membrane, cloudiness of the aqueoiis, dts- 
adoration of the iris with indistinctness of its details, and the question arises 
hi^w to differentiate dinicallv the one from the other. Granted that we know 
what the ct>m)itions of the disease in the first eye must be in order to excite a 
symjviitlH^tio inflammation in the other* and that we recogntie those condUtions 
as pres)ent« do we then know positively that the disease in our patient is sympa- 
thetic iriiWvclitis? Is it not conceivable that an iridocvcfitis from some other 
cause nuiy start in the s^ctmil eye independently of that in the first and quite 
acvidontallv s(mH> tinte after the injury? In our patient with a phthisical eye- 
Iv^ll C4inm>t a plastic^ syphilitic^ tutiemilous« rheumatic* or idiopathic iritis occur 
just tin^ san>e as in an eye of a persaon hitherto well? Who telk us that in this 
case the dis<«ise of the secoml eye is in such a condition of dependenoe on the 
injury \rf the first that w^ must call it sympathetic? 

It must he aihiutted that the dia^n^^is of a sympathetic iridoc ycli tis is 
onlv \\ne of |^r\4iahilitv. This is btcausi^ the uvea, the moffl vascolar membrane 
of the e\v^ must n^ad in the same way to the entrance of aU agents of inflamma- 
tx^ct. 1^ fihriiKXis exudates af^ ahrav^ the same wh e ih ei an infeclioiis hacilhis* 
or A iv.vrvvxxvus settles in the iris, i^ly a few specific afipnnts of infection exrite 
sixvA* cvir.x-^) pkiufYs in the iris* and the:^ do not in ewry Cft». In STpldlitic 
:r\x\r\oh;:> w :i^wix^imes meet with ckaracteristic papules* sometinies with an 
^vr\v.rAT\ vt:?x:?*c* !?hrino^is iritiv Srmpathetic iriiWrrKtis is chaia ct e rii e d bv 
r>.^ X:rxV«l\ siwr;!5o ft-^tuws and w^ ha^v as vet no hiolo«eiml iinftiani bv 
rvAv.s of >»h>oh to rwvxp^ific whether the iw^TMnssnei is affe«ied by a syvpatfietic 
•.r.d^'"iv*A:>or. I v>.^ rvt d^xiU that the unkm^vn ajynt of syipatlMtic inlsnims' 
r vxrr > A siw.rv i;xrr.*. bet tKr sjyv^- natutv of sympathetic iritis cwnnill yet be 
Tvw^** s-.v, o'vr.xV.'x, WV rje<\i fcrjer hioik^*:*! meth^'^ tiuai w* have lei at 
sx:r o.:^xv>s\I :o .i::<vt a vVT*:A'r. o?r)e frvrr: a j^rvup of me^rpbcAniEknllT sindkr 
o^r^">^ -^vn Arxtr^: ;K*v*f >»*:vc: Are >»vr, krvwTs to us< H<«ot the dfauenotts of 
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%>ympathetic inflammation can never be made with absolute certainty, a fact that 
renders its exact study very diflicult. Confirmation of the diagnosis should be 
sought from a thorough general examination of the entire body and an inter- 
current iridocyclitis of the second eye from other causes should be excluded by 
a clinical and serological examination. This necessitates the clinical precept 
that the blood of a patient having sympathetic ophthalmia should be tested 
for Wassermann^s reaction, as has been done in this case. 

2. The Lapse of Time Between the Diseases of the Two Eyes 

The shortest interv'al that has been obser\'ed between the receipt of the 
injury and the onset of the sympathetic iridocyclitis is fourteen days; the 
average interval is from six to ten weeks; beyond this there are no fixed limits. 
Cases have been reported in which sympathetic iridocyclitis appeared after the 
lapse of years, and even of decades. The longer the time that has elapsed since 
the injury the more doubtful is the diagnosis and the more carefully must other 
forms of iritis be excluded. One thing is certain. Whenever a sympathetic 
ophthalmia appears after so long an interval the phthisical bulb is in a condition 
of fresh irritation, is injected, sensitive to pressure and contains fresh foci of 
inflammation in its uvea. Schirmer has called special attention to this. We do 
not know the origin of this fresh inflammation in the formerly injured eye; it is 
uncertain whether the old inflammation has rekindled, or whether the agents 
have laid thus long in quiescence. The theory that the fresh inflammation is 
excited by the formation of bone, which is often met with in these stumps, was 
disproved long ago. Ossification never excites irritation in a phthisical eye and 
its process has nothing to do with an awakening of slumbering germs. 

3. The Clinical Picture Presented in the Sympathizing Eye 

The clinical details of sympathetic iridocyclitis can be studied much better 
in the second eye than in the first, which is often phthisical. We may divide 
cases clinically into mild, moderately severe and grave; if we wish to base the 
classification on anatomical principles we may divide them into the serous and 
the fibrinous, but these can never be differentiated sharply and may change from 
one into the other, as a benign into a malignant form. The attack in this 
patient should be classed as moderately severe. 

This is an iridocyclitis; therefore the first symptoms appear in the iris and 
ciliary body. In almost all cases the disease begins without any prodromal 
symptoms, a fact that is of importance. A failure of vision is not rarely the 
first intimation the patients have of their condition. The first objective sign is 
a slight ciliary injection, but very Foon the disease reveals whether it is mild 
or grave. The richer the exudations are in fibrin the severer is the attack. In 
mild cases we find a slight cloudiness of the aqueous, and little gray, or brown 
deposits on DescemeVs membrane. The details of the iris are scarcely obscured, 
the pupil is dilated by atropin, the anterior chamber is deep and the intra- 
ocular tension is somewhat increased. Ophthalmoscopically the vitreous very 
soon becomes cloudy, because of a multitude of minute opacities, and the pa- 
pilla becomes indistinct, partly because of the cloudy media, partly because of 
an inflammatory involvement of the nerve itself. This form usually runs a 
very chronic, but benign course, though it may change into the malignant 
form. 

If the attack is grave and the uveal exudations are rich in fibrin, posterior 
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svncchiie appear very soon in addition to the deposits on Descemet*s membrane. 
ThoY nmy be broken up by atropin, but new ones constantly appear, the pupil 
resists the atropin more and more and becomes contracted. The fibrin in the 
anterior chamber accumulates and is deposited in the form of a transient hy- 
popyon. The entire margin of the pupil finally becomes adherent to the lens 
capsule and then the aqueous can no longer pass from the posterior to the an- 
terior chamber, but bulges forward the middle portion of the iris, giving rise to 
a crater pupil and to secondary glaucoma. 

Still more malignant are the cases in which the exudation is so great that it 
fills the entire posterior chamber and forms extensive adhesions between the 
surfaces of the iris and lens. These masses of exudate contract in the course of 
the next few weeks and create radiating folds in the iris. The iris itself appears 
to be enormously thickened, the entire pupil is covered by masses of fibrin and 
both occlusio and seclusio pupilla? are present. Then for a while the picture is 
that of secondary glaucoma. It is now impossible to see into the eye and per- 
cdve the great opacities in the vitreous, even though it could be done at first. 
Weeks and months elapse before the disease reaches its acme. The deepest 
layers of the cornea may become opaque as a result of the increase of tension, 
but the tens is the principal sufferer if the disease does not finally take a favor- 
able turn ; its nutrition is cut off by the enveloping exudate and a complicated 
cataract ilevi^lops« The fluctuations between improvement and aggravation are 
characteristic of the grave cases. Finally the intraocular exudate shrinks, hy- 
(¥>tiwy follows the increaseil tension* ablatio and phthisis bulbi form the final 
scene* Very malignant cases* which fortunately are quite rare, may begin with 
chenKisis and severe cy clitic pains* but ordinarily the intraocular changes and 
the pain an^ not in proportion to each other and severe pain is excited only by 
the incKtts« of tension. All of these changes. especiaUy the opacities in tho 
vitivotts* indicate clinically that the entire uvea is invohred, and so m etim es* as 
If#a6 has pointed out* the invohnement of the diorioid cmn be seen with the 
ophthahiKvcope. Small* roundish* reddish ycUow spots af^war in the periphery 
^4 the fumhis* exteml into the vicinity of the papina and may be diflerentiated 
fKwii other chorioiditic patches by the fact that tiieT have no marked pigmenta- 
tion. \lor« rarely small* hn>wnish spots are to be seen in the manila. The 
important point to be learned ffom all ttib is tiiat the sympatfietic £sease is 
situatei) in the vascular tunic of the eye* It is a uratis in which aD s e gm e n ts of 
the chorioid aft^ invWvvd* hut whidi in m»t cases prewnts the picture of an 
iritis* or of an iridocyclitis. This fiftct b of ftmdamnital impa i t ance for the 
full comprrhensioii of the di»«:i«. 

It has l^Kw maiutaimtl* in caly a rmall peromtaiee of the f i, dial the 
sym|viithetic di^Mtuse may appear as a pure papiUoretimtBiw lu sttdi cases only 
a sH);^t pai^lKtis with oKwuraticM fwf the margiB» of the fiic* opacilies and. 
Awaetimeis httle h ^m otiha^ys in the sumNuadia|( retiMu bav<e be«n fcood. A< 
s^Kh a papiikvretiuitis retrc^^tnudieJ pranpthr after cautk atiea Sribirmtr con- 
ehjidc^ that the oHFeudiui; micrikXWjSauKiuiis wvfv pmeut «dhr in tlie ere firs^ 
dmm^ aunl that their m<4;iiU4ic pcx^^iwis had exdied Hie inAumaaln of the 
pafMUa la the ^Mw^ud evY' by k^t of tW eptic u eiitk 

ll w^ sK>«a b\ Ka-W that a «ciwwioiai:te was daaomitnUe ■i r i mgop i f slly 
m am exv m mhk^ ^muN a sti^t smttu^ of tW papiii Iml Wcu fmmd vith 
tW e»ktKaW>$kX>(^ Kxyu thciu^ this ^ ctftUiNl pafaBwetawbs sympatkica may 
Kt uiiAtf^<ift^*rut *v a oKvrk>k^ti^ it «<WBi t\^ iw that tW 1liimiailM^i[ii aJ h imtd in- 
^ik^tit *»Js>tSfr* tm.-^ a ^^\v* w^xV ^-rf ot^jT-t^ I a» %sf the whomi that the pap3- 
h«v<^r.::ts *^r^.»rtt>rs h4ir«Aatvve«K«»i>* the suk «^ syir»theeic iiiiarrefil»* hrt 
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instead of inundating the uvea the agents settle only in the vessels of the 
papilla, a place in which they cannot be so much at home as in the uvea, and 
from which they do not excite such grave syndromes. I consider a differentia- 
tion of papilloretinitis sympathica as a special form of sympathetic infection 
to be a priori . conceivable, although its independence of the uveitis has not yet 
been satisfactorily proven. The retrogression of the symptoms after enuclea- 
tion, as claimed, does not suffice. Schirmer believes that this papilloretinitis 
was produced by diffusion of the toxin from one eye to the other by way of the 
optic nerve, and disappeared after enucleation of the first eye in a way similar 
to that in which the iritis associated with ulcus serpens disappears after section 
of the ulcer, but we know that an optic neuritis often can take spontaneously an 
almost critical turn for the better. If the sympathetic papilloretinitis was pro- 
duced by toxins through diffusion this must be a genuine symptom. This lo- 
calized diffusion along the optic nerve must be quite frequent, and a monolateral 
neuritis due to some other cause must be able to produce in this way a neuritis 
in the other eye. More than this, such a diffusion must take place in every 
sympathetic iritis. But a few pages later, after Schirmer has advanced this 
hypothesis of sympathetic papilloretinitis, he says, in his article on sympathetic 
iritis, "A transition of toxins from the injured eye, which Rosenmeyer thought 
possible, is excluded from the first," so I cannot discover an adequate founda- 
tion for the differentiation of papilloretinitis sympathica. At any rate the 
sympathetic disease in the second eye of this patient is an iridocyclitis, exactly 
l^e that in the first, or wounded eye. 

4. Pathology of Sympathetic Iridocyclitis 

The principal seat of sympathetic ophthalmia is in the uvea, where the 
following details may be noted with the microscope: 

Throughout the iris, ciliary body and chorioid disseminated groups of 
mononucleated cells are to be seen, together with a diffuse infiltration of the 
entire tissue, and a marked fibrinous exudate on the surface of the iris and 
ciliary body. The iris is greatly infiltrated at the acme of the inflammation, 
and has masses of exudation on its posterior surface, in the pupil and on its 
anterior surface. The ciliary body is also uniformly infiltrated with small 
cells. Great masses of fibrinous exudate proceed directly from it to envelop the 
lens and extend into the vitreous. 

A later stage is shown in another preparation. As these masses become 
organized, vessels appear and connective tissue cords draw the epithelial coat 
and the ciliary processes strongly inward. Even the entire ciliary body may 
be pulled inward and it is self evident that this contraction of connective tissue 
may finally cause detachment of the retina. The condition in the chorioid is still 
more characteristic of the inflammation that excites sympathetic ophthalmia. 
Here we find a great number of inflammatory foci which are situated chiefly in 
the layer of the large vessels and rather avoid the inner layers. In another 
preparation it may be seen that the nodes are joined by a rather diffuse infiltra- 
tion of mononucleated cells, not of pus corpuscles. I wish to call particular 
attention to the places within the diffuse infiltration in which we find nests that 
contain epithelioid cells and giant cells. There is a certain resemblance to 
tuberculosis, but that disease is not present. There is no caseation, and tubercle 
bacilli have never been found in them. Among others the plasma cells may be 
noticed. Their offshoots, with finely granular contents, may disappear into the 
tissue and then, as Axenfeld has pointed out, if the granules float out into the 
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tissue they may readily be mistaken for cocci. This error has happened many 
times. When the inflammation undergoes involution the diffuse and circum- 
scribed infiltrations are followed by an atrophy of the chorioid. 

In comparison with this inflammation of the chorioid the lesions in the re- 
tina and optic nerve are extraordinarily unimportant. In the retina they are 
almost wholly secondary, an atrophy of the nervous elements and a prolifera- 
tion of the supporting tissue evidently occasioned by nutritive disturbance in 
the chorioid. The lesions in the papilla and optic nerve are of more interest be- 
cause of the relation they bear to the pathogenesis of the entire disease. 

We find an oedematous swelling of the papilla which is particularly marked 
when the inflammatory infiltration of the chorioid extends into its neighborhood. 
Single foci of inflammation are absent, except that the vessels are sometimes 
surrounded by mantles of round cells. In the trunk of the optic nerve the region 
of the lamina cribrosa may be more densely infiltrated with round cells and 
inflammatory lesions may also be found in the inner sheath. The endothelial 
cells of the arachnoid trabecule may be proliferated. In other cases no infiltra- 
tion of round cells is to be found in the optic nerve. One fact is now certain: 
The degree of inflammation decreases the farther peripherally we go in the 
optic nerve toward the chiasm and even in the immediate vicinity of the papilla 
the inflammatory lesions do not correspond in the remotest degree to those in 
the uvea. All this is of importance to our conception of the genesis of sympa- 
thetic iridocyclitis. 

5. Treatment and Prognosis of Sympathetic Iridocyclitis 

The first questions that arise after sympathetic iridocyclitis has once 
appeared are : What influence does the first eye exert over the course of the in- 
fection in the second, and what disposition shall be made of the injured one? 
When the injured eye is totally blind and atrophic the decision to enucleate 
immediately is easily made. It is much more difficult to determine what influence 
is exerted on the course of the inflammation by the enucleation of the exciting 
eye. From the nature of the case it is conceivable that the inflammatory agents 
in the second eye may not be influenced thereby, whether other germs are found 
in the first or not. Neither a sudden check, nor a turn for the better takes 
place even when the enucleation has been performed immediately after the out- 
break of the inflammation, but it must not be forgotten that the primary focus 
of infection, from which came the invasion and from which fresh reinforce- 
ments of inflammatory agents may constantly be sent forth, is destroyed by the 
enucleation. In this way may be explained the beneficial influcnpe ascribed to 
enucleation of the primarily diseased eye by many ophthalmologists. 

'When the primarily injured eye retains even a trace of vision the indica- 
tioris for treatment are quite diff^erent, for under no conditions should such an 
eye be removed. It may be saved with a useful degree of vision after the second 
eye has been totally lost, and even wlien its functions are insufficient the ques- 
tion of its enucleation should be considered very maturely. 

Treatment of the Sympathizing Eye 

It is evident from tlie difficulties that beset the entire subject that a patient 
with sympatlietic iridocyclitis should be treated in a hospital where the measures 
calculated to preserve the second eye can be carried out, after enucleation of 
the first. 
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The fundamental principles of the local treatment of the sympathizing eye 
are the same as those of the treatment of other forms of iritis. Atropin is in- 
stilled regularly and an attempt is made to break up the posterior synechi«e. 
In the graver cases this means is insufficient to prevent exclusion of the pupil 
and the onset of increased tension. When this increase of tension is due to a 
serous iritis eserin may be tried for a while, but, according to my observation, 
the value of meiotics in such cases is rather illusory. Heat is applied to the 
eye for hours during the day by means of the thermaphore, in order to increase 
the effect of the reactive hyperaemia. It may be said in favor of subconjunctival 
injections of salt solution that, by their stimulating effect, they aid in the re- 
sorption of masses of exudate from the anterior chamber, that they contribute 
to the clearing up of the vitreous, and that in many cases they have reduced an 
increased tension to normal. On the contrary the subconjunctival injection of 
mercurial preparations has been abandoned. 

In former times many attempts were made to obtain improvement by op- 
erative intervention, but the results must have been wretched and the general 
consensus of opinion today is that no operation should be performed on an eye 
in the active stage of a sympathetic iridocyclitis. Even when there is a secon- 
dary increase of tension an early iridectomy is contraindicated, because the 
apertures created are occluded at once by exudates produced by a rekindling of 
the inflammation, or because in the presence of broad adhesions the iridectomy is 
technically without result. At the most sclerotomy may occasionally be con- 
sidered when the danger from secondary glaucoma is very threatening. Every 
critical clinician will admit that in the graver cases we must frequently be re- 
signed to watch the course in the diseased eye. The question whether an opera- 
tion may not be necessary for optical reasons does not arise in any case until 
the inflammation has subsided completely and the eye has been quiet for 
months. Such an operation may be either an iridectomy or an extraction of the 
lens." The condition most favorable for an iridectomy is an exclusion of the 
pupil without total posterior synechias. In such a case the iris is not seized at 
the pupillary margin, because we wish to avoid laceration of the adherent lens 
capsule. Cases have been operated on successfully by the extraction of the 
transparent lens. When extraction of the lens is necessary in such an eye 
WenzeVs method is the best to employ. A curved incision is made in the limbus 
of the cornea, passing the knife through the iris and the lens. After the lena 
matter has been removed a triangular piece is excised from the thickened tissues 
composed 'of the iris and lenticular capsule by means of two converging in- 
cisions from the angles of the wound. 

General Treatment 

In addition to the local treatment an energetic general treatment is in- 
dicated, and for many years inunctions of mercury and sweating have been 
employed for this purpose. The strength of the patient must be taken into 
account in both of these methods.^ 

Even if it is true that cases of sympathetic ophthalmia were much more 
serious than they are now, the prognosis of this disease remains sufficiently 
grave. Sympathetic iridocyclitis is a fate to awaken dread and sympathy. 
Physicians have an important duty to perform in its prophylaxis by the ex^ 
ercise of correct judgment concerning injuries of the eye. 

[' Good resulta from the use of very larsre doses of sodium salicylate have been re* 
ported.— JP.] 
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Sympathetic ophthalmia i 
than cured. In this respect th 
responsibility. 

1. Genesis of Sympathetic Iridocyclitis 

Unfortunately there is httie known positively concerning the origin of this 
disease, its pathogenesis is almost completely enveloped in darkness. Accord- 
ing to clinical experience it is only when the specific agents of infection have 
penetrated through n wound in the capsule of the globe into the interior of the 
eye and have produced there a chronic uveitis, that the second eye may suffer 
from the same disease. The appearance of the agent of sympathetic ophthal- 
mia, the predisposing conditions that influence the disease, and the paths by 
which the pathogenic agents enter the organism and reach the second eye, are 
still wholly unknown. We could therefore deal briefly with the pathogenesis of 
sympathetic ophthalmia were it not that our therapeutic and prophylactic 
measures are influenced by the theories advanced concerning its origin. 

(a.) The Pathogenic Agent of Sympathetic Iridocyclitis 

Every possible germ has been accused of being the agent of sympathetic 
iridocyclitis. DeutKhmann in particular believed the staphylococcus to be the 
agent. We need not go into the details: all the assertions lack proof and the 
agent still remains completely unknown. There are only two hypotheses that 
can be drawn from clinical experience concerning its nature; it must be one of 
the morbific agents that retain their vitality for a long time in the eye and in 
the organism, for otherwise the long duration of the sympathetic inflammation, 
its tendency to recurrence, and the fact that it may appear many weeks after 
the commencement of the disease in the first eye, cannot be explained. It must 
also be a germ that is not pathogenic to the same degree to other organs of 
the body as to the eye: indeed it is highly probable that it is not infectious to 
any other part of the body. Thus far we have obtained no evidence that sympa- 
thetic ophthalmia can occur in the lower animals, so we have to suppose that 
man alone is susceptible to this pathogenic agent. Much clinical experience has 
taught us that persons who are suffering from sympathetic ophthalmia exhibit 
no lesions in other organs even approximately resembling those in the eye, or 
any signs of a general disease. It should be noted particularly that such 
patients show no symptoms that can be ascribed to a meningitis. 

There is no doubt that there are infectious agents which are specially 
adapted to and have a specific affinity for the eye. Trachoma is an example. 
The agent of trachoma, with which we are as yet unacquainted, excites the 
gravcflt pathological changes in the eye without infecting any other organ and 
without disturbinff the general condition. I have proved that it cannot be 
demonstrated serologically whether or not the organism is under the influence 
of a trachomatous infection. The diplobacillus discovered by Morax and 
Axenfeld also excites a specific infectious disease, which may lead to grave 
corneal ulcerations, on the human eye alone, hut cannot infect other animals. 
No one who will not acknowledge this specific affinity of the agent of sympa- 
thetic iridocyclitis for the tissue of the human eye can give a plausible explana- 
tion of the pathogenesis of this disease. Without this hypothesis the pbenomeDon 
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iiiat the second eye alone becomes diseased while all the other organs of the 
hody remain unaffected cannot be explained. With it must deal all theories 
<;onceming the occurrence of sympathetic iridocyclitis. 

(b.) Predisposition to Sympathetic Iridocyclitis 

m 

None of the conditions that appertain to predisposition, none of the compli- 
cated processes of susceptibility which favor the development of disease, are yet 
known to us in the slightest degree, even in those infectious diseases in which 
we are acquainted with the agent. Those that favor predisposition to sympa- 
thetic iridocyclitis are equally unknown. We know only that a perforating wound 
is necesr.ary and that a plastic uveitis must always be present. The wound 
may be large or small, the eyeball may be atrophic, or may have retained its 
form. Uveitis may develop after many infections without the production of a 
-sympathetic iridocyclitis. How often the specific agent enters the eye and what 
-conditions determine whether a disease in the second eye shall, or shall not be 
excited, we do not know. It may occur at any age, though it is naturally met 
with most frequently in those periods of life when perforating wounds of the 
^ye are the most common. Children furnish a large proportion of the cases of 
perforated wounds and also of sympathetic ophthalmia and from what we have 
learned otherwise from the study of infection it seems likely that they are pre- 
^sposed to sympathetic iridocyclitis by other factors than their liability to 
injury. 

The importance ascribed by ophthalmology to the influence of nervous 
transmissions has been altogether too great, and sufficient consideration has 
not been paid to the other numerous factors which must be taken into account 
in infectious diseases to explain congenital and acquired predisposition. For a 
long time the efforts of the ophthalmologist were devoted to attempts to demon- 
strate the etiological connection of the nervous symptoms of irritation to the 
inflammation. All of these attempts to ascribe a governing influence to the 
<:iliary irritation in the pathogenesis of sympathetic ophthalmia are nothing 
^ilse than gropings in the field of predisposition, for the optic nerve at first, the 
ciliary nerves later, according to Heinrich Mueller^ were supposed to conduct 
irritative conditions in a peculiar way into the other eye in order to call forth in it 
also symptoms of irritation which were supposed to gradually increase into in- 
flammation, but there is no such thing as an inflammation called forth by nerve 
irritation alone, which has such grave exudations as are present in the first eye. 
Both the agent and the nature of the predisposition to this disease are unknown 
to us. 

(c.) The Way in Which Agents Are Disseminated in Sympathetic Iridocyclitis 

Three theories exist in regard to the way in which the morbific agents of 
sympathetic iridocyclitis pass into the second eye: 1. The migration theory 
of Leber and Deutschmann; 2, the modified cilioneural theory of Schmidt- 
Uimpler; 8, the metastasis theory of Berlin and Roemer. 

■ 

i. Leber-Deutschmann's Migration Theory 

Leber ^ who was the first to affirm the infectious nature of the sympathetic 
inflammation in both eyes, assumed that the disease reached the second eye by 
way of the optic nerve. According to this theory the agents are not trans- 
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))orie(l passively, but the inflammation actively creeps forward in the continuity 
of the tissue and in the lymph channels of the optic nerve, in other words they 
excite and advance by a lymphangitis. This theory was maintained by Deutsch- 
manf^ who believed the agents in both eyes to be staphylococci, a view that has 
been proved to be erroneous. Although the advocates of this theory assert that 
it does not interfere with the migration theory, yet the latter can make no claim 
to furnish the fundamental explanation of sympathetic ophthalmia, because in 
the first place it contravenes important clinical and anatomical symptoms in the 
clinical syndrome, and, in the second place, it is contrary to the doctrine of in- 
fection. We will first consider it clinically. It is admitted by all that the 
assumption that the eye first diseased suffers from an infectious uveitis is not 
the only factor to be considered in the migration theory. Even the rare oc- 
currence of sympathetic iritis in panophthalmitis cannot be explained well by 
the migration hypothesis. In such cases all clinicians must admit the presence 
of mixed infections in the eyes first affected. Nothing could lead the migration 
theory to nxjuire n certain time for the migration from one eye to the other, 
except the pur}H)$e of explaining the fact that the earliest appearance of the in- 
flanuimtion in the seix^nd eye is fourteen days after the injury; but the interval 
between the diseases of the two eyes is explained altogether differently from the 
st«nd)>oint of bacteriology. 

TIh' cHvses in which sympathetic ophthalmia has appeared after opticociliary 
resection are also inconvenient for the migration theory. The path of the 
micnwrganisms to the second eye is closed by the resection, and auxiliary hy- 
jwtheses are again neixled. The cicatrix produced by the resection is imperme- 
abW for dead substances in dead animals, but permeable in living animals for 
leucocytes attaining jwrticles of coloring matter. 

TIh* ditRcuItii*s of the migration theory increase when we wish to explain the 
clinical fact that the second eve mav become affected three or four weeks after 
tlH> enucleation of the first. The advocates of this theory have said that the 
agents had entertx) the optic tract before the enucleation was performed. In 
that case tiK' |MtiH>genic agents that maintained a grave^ plastic inflammation 
in the eye nuist ctiange their character essentially and suddenly in the lymph 
sheaths of the optic ner\e. 

A clinical fact ahs^)lutely unexplainaUe by the migration theory is that 
«^ ne\'t'r nnvt with clinical sympton^s of a meningitis in the course of a sympa- 
thetic ophthalmia* although* according to this hypothesis* a lymphangitis must 
lake placv at tlu^ base of the brain* especially about the chiasm. There is 
iK^thing in this the\^ry to prv\*ent the microorgmnisms at the diiasm from 
waiulering fn>m the intervaginal space to the meninges and exciting there an 
inflanmvition* ami* if such an inflanunation should be only half as severe ms that 
in the first eye affected* the clinical symptoms of such a memogitit could not 
escape us* hut clinical \4fe$it'r\atk>n shows that this region must be regarded as 
lieahhy ^hiring the course of a sympathetic iridocyditts. If the agents of 
sympathetic inlUnmuition exteml akmg the optic traci by CQBtinuitT» as as- 
$unK\l by this theory* without nolioNdjJe inflammation of ihoe puts their 
character as i nfl a m maK^rv agents must have und e rgone considenUe modifira- 
tion. Such a \ital change within the lymph channels does not lake pkce, at 
liMttI in »taphykK\wi* (or it is contrary to what is known of the pnthogcnidty 
^ these pus agents that they shouU'exctte a sennre inii—ntiim in nn cje* 
s«aMtni^ k«^ their (vwvr as evntants of infcimmation in the H«|ik 
•f the optic ner^t^ an^l the ha^ of the hnun* and then Kfinin 
ift the olher <?Y* It «a»t mA be fwgntten OhA stef^Tkcims nie 
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to man than to any animal used for experiment. If the sli^t rubbing of these- 
agents into the skin suffices to produce a severe furunculous inflammation, what 
must be expected at the base of the human brain if virulent staphylococci 
wander by continuity from the eye to the meninges ! 

It is therefore of interest to us to know how this portion of the brain appears. 
in men who suffer from sympathetic ophthalmia. Several such cases, in which 
the patients died of intercurrent diseases, have been examined. The important 
fact common to all was that as the distance from the eye increased the inflam- 
matory symptoms in the optic nerve decreased, and were absent at the chiasm. 
I have no doubt that the inflammatory changes in the first part of the optic 
nerve in sympathetic ophthalmia are distant effects of the intraocular inflamma- 
tion. At any rate, we can in no way conclude, from the condition of inflam- 
matory infiltration in the retrobulbar portion of the second nerve, that 
inflammatory agents have passed along its lymph channels toward the eyeball. 
The advocates of the migration theory have maintained that the fundamental 
principle of the parasitic inflammation advancing in the continuity of the optic 
nerve in sympathetic ophthalmia docs not rest on the question whether the 
staphylococci mentioned by Deutschmann are the agents or not, but this objec- 
tion does not hold good, because the basis of the migration theory rests upon 
experiments on animals with staphylococci. We must deny from the very 
beginning that any conclusions can be drawn as to the pathogenesis of human 
sympathetic ophthalmia from experiments on animals with any pus agents, for 
sympathetic iridocyclitis is not a purulent inflammation. I have therefore 
taken this position : "The migration theory cannot be authorized to draw from 
experiments on animals conclusions as to the symptoms of sympathetic oph- 
thiGilmia in man, or to explain the pathogenesis of the same through a migration 
of germs along the optic nerve, until a continuous growth of such pathogenic 
germs as are dangerous to the eye, but do not endanger the rest of the organ- 
ism through a general infection, has been demonstrated by it along this track 
from one eye to the other.** This postulate has not been complied with by the 
migration hypothesis, for when we review the experiments in which morbid 
agents were found after intraocular infection it appears that masses of germs 
were taken into the blood, but were not deposited by way of the optic nerve at 
the base of the brain. I have made numerous experiments with this result. 
Now the migration theory may assume that it has to deal with altogether 
different specific agents. As I have already said, such a postulate is indis- 
pensable, but when the advocates of this hypothesis adopt the idea that the 
pathogenic agents are specially adapted to the interior of the eye they must 
drop their hypothesis. The eyes only are involved in sympathetic ophthalmia, 
because evidently the agents of that disease develop and increase in them alone. 
If a siegment lies between them, especially a portion of the base of the brain^ 
which is healthy, it follows that it can contain no inflammatory agents. Then 
it has been claimed that the agents of sympathetic iridocyclitis may remain in 
an indifferent condition so far as the lymph channels and the base of the brain 
are concerned, but such an auxiliary hypothesis is untenable. Under such a 
presumption a migration of the agents of sympathetic iridocyclitis by continu- 
ity is completely illusory, for in that case inflammatory agents may develop 
in living tissue without exciting inflammation. This is not true, and the idea 
finally adopted by the advocates of this theory, that the agents of sympathetic 
iridocyclitis do not And good nutritive media in the meninges directly contra- 
dicts the hypothesis of a continuous lymphangitis extending from one eye to the. 
other. 
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Finally the migration theory does not explain why the sympathetic oph- 
thalmia begins in the iris and ciharj body in the overwhelming majority of 
cases. If it were a lymphangitis that extended from one eye to the other 
every sympathetic ophthalmia should begin as a papillitis, but it does begin as 
a uveitis. Here again the hypothesis must seek a way of escapy. Some havu 
conjectured that trivial changes in the optic nerve could have been present in 
such cases. While elsewhere the migration theory always speaks of a process 
that extends by continuity, here the agents arrive at Tenon's space from the 
slicath of the optic nerve without causing inflammation, skip an intermediate 
space and reenter the eyeball with the cihary vessels. 

Not only is the migration theory unacceptable for all these clinical reasons, 
but I have shown by experiment that no intraocular infection corresponds to 
the premises of the Lebcr-Dcutschmann hypothesis. Intraocular infections, 
whatever they may be and however produced, never excite a Ivniphangitis 
■confined to the optic nerve, which creeps along from one eye to the other by wav 
of the chiasm. If virulent bacteria are employed they enter the circulation en 
masse and the animal dies of general infection. If less virulent stocks, or 
bacteria of a saprophytic nature, are used they do not extend to the optic 
tract, certainly not along it from one eye to the other. Leber-Dentschmajm's 
migration theory is untenable and can no longer be employed as the basis of the 
■explanation of the pathogenesis of sympathetic ophthalmia. 

2. The Modified CiUoneural Theory of Schmidl-Rimpler 

The second theory is the one advocated by Sckmidl-Jiimpler. which assumes 
that the irritation of the ciliary nerves in the eye first affected induces a suscepti- 
bility to the disease in the other, through a reflex disturbance of its circulation 
and nutrition. The ciliary irritation in the first eye simply prepares the soil 
in the uvea of the second for the settlement of whatever bacteria may come 
from a bodily disease. No distinction is made whether the question is one of 
bacteria, of toxincs, or of both. Panas added to this obscure conception the 
idea that general toxic influences, such as alcoholism, menstrual troubles and 
catarrhal diseases of the throat and nose, were predisposing factors to sympa- 
thetic iridocyclitis. This theory is likewise untenable, because it is at variance 
with the chnical facts and is readily disproved by experiment. 

In the first place, according to this theory, sympathetic ophthalmia can 
attack only persons who are already sick, in whose blood bacteria circulate, or 
have entered from some pathological condition, but if anything is clinically 
certain, it is the fact that perfectly healthy persons suffer from sympathetic 
ophthalmia. 

In the second place, this hypothesis does not explain why a certain form 
of ciironic plastic uveitis, the peculiar nature of which has been demonstrated 
by Fuchi, must always appear in the eye first diseased. Why connot glaucoma 
and other conditions associated with marked cihary irritation likewise cause 
'ympathetic inflammation, if it depends wholly on the excitation of ciliary ir- 
ritation.'* 

The hypothesis is also unable to explain the characteristic interval of time 
between the infection of the first eye and tliat of the second. Why must at 
least fourteen days elapse after the injury before the onset of the sympathetic in- 
flammation ? 

Again, how can this hypothesis explain the rare occurrence of sympathetic 
•ophthalmia after panophthalmitis, in which extreme ciliary irritation is cer- 
tainly not lucking.'' 
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Above all it is absolutely impossible to understand from Schmidt-Rimpler^s 
hypothesis how sympathetic ophthalmia can appear several days, or even weeks, 
after enucleation of the first eye, when there has been no ciliary irritation for a 
long time. 

How can the modified cilioneural theory explain the clinical cases in 
which sympathetic inflammation appears with no symptoms of irritation? We 
certainly see sympathetic inflammation begin without irritation, especially in 
serous uveitis, so that the first trouble noticed by the patient is the reduction of 
vision. The explanation of the pathogenesis of sympathetic iridocyclitis cannot 
be based on a hypothesis which does not account for such a large number of 
characteristic signs. 

In addition to this the experimental foundation of this theory is a failure. 
Certain investigators, such as Mooren and Rumpf, and Jestner^ decided from 
insufficient experiments that when the exposed iris of one eye was irritated the 
amount of albumin and fibrin in the aqueous of the other eye was increased. 
We know that the composition of the aqueous changes in inflammations in the 
anterior segment of the eyeball because the dilated vessels of the ciliary body 
become permeable to the constituents of the serum, and if the claim made had 
proved correct the modified cilioneural hypothesis would have received at 
least some support, but Wessely has shown with great exactitude that the 
amount of albumin in the aqueous of the second eye remains perfectly normal 
when the first eye is irritated. 

I have proved experimentally myself that no intraocular inflammation in 
the first eye is able to influence by reflex action the amount of antibodies con- 
tained in the aqueous and vitreous of the Second eye. Even section of the 
trigeminus is unable to induce by reflex action an increase of the albumin, or 
a change in the content of antibodies in the aqueous of the second eye. There- 
fore, the premise that the reflex transmission of irritation can excite disturbances 
in the circulation and nutrition of the second eye has not been proved and 
cannot be proved. Recently an attempt has been made to vindicate this hy- 
pothesis, but, to my mind, with very little success. Schmidt-Rimpler thinks 
that the site of the irritation is especially in the ciliary body, and that the in- 
vestigation of the aqueous does not suffice, because the latter is not secreted by 
the ciliary body, according to modem views. In the first place, this assumption 
that the hypothetical irritation is confined to the ciliary body and is not trans- 
mitted to the iris is an improbability, for the ciliary nerves supply both the 
ciliary body and the iris. In the second place, I have proved that the composi- 
tion of the intraocular fluid behind the iris of the second eye, the secretion of 
which by the ciliary body is not contested by Schmidt-Rimpler^ is not influenced 
in the least by an intraocular irritation of the first eye. 

The advocates of this hypothesis have performed surprising evolutions in 
order to try to evade these facts. While they formerly relied on the experi- 
ments of Rumpf and MooreUy they now claim that it is not necessary that any 
change in the composition of the aqueous should be produced by the hypothet- 
ically transmitted irritation. By this claim they have so modified the theory 
that it may be abandoned, for such irritations cannot be traced and tested. To 
maintain that irritation of one eye induces a lacrymation of the other does not 
touch upon the question whether an infectious disease of the second eye is 
favored, much less caused, in this manner, and this is the question in sympathetic 
iridocyclitis. The latest turn is the statement that animal experiments con- 
tradict Schmidt'Rimpler^s theory, but that in man a transmission of the irrita- 
tion to the other eye may still be able to act in loco. Animal experiment is 
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insufficient for demonstration, because it is impossible to produce in animals the 
nervous irritation of the second eye known as sympathetic irritation. Many 
things are confused in such conclusions. In the first place the symptom com- 
plex of sympathetic irritation has hitherto been considered as having nothing 
to do with sympathetic inflammation. In the second place, it is not necessary 
that the symptom complex of the so called sympathetic irritation should appear 
in animals, for, in my opinion, this symptom complex does not form a true 
ophthalmological picture, but pertains to traumatic hysteria. The question is 
whether a purely reflex irritation that originates in the first eye can influence 
the processes of circulation and nutrition in the second so as to favor, or cause, 
a settlement of microorganisms from the blood. There is no positive evidence 
in favor of such a conception even in man, and I am opposed to the idea, be- 
cause it is too untenable and may lead to far reaching consequences, as may be 
shown by an example. 

The question has been raised what part traumatism plays in the etiology of 
hereditary syphilitic keratitis parenchymatosa. It has been claimed not only 
that a superficial injury may cause the disease in the eye directly injured, but 
that this traumatic disease of the first eye may pass by way of the vasomotor 
irritation to a locus minoris resistentiie in the second eye, and there cause an 
outbreak of the keratitis. 

The real is united with the unreal in this theory. It is certainly true that 
the settlement of bacteria circulating in the blood is favored by an injury to the 
tissue. We know this to be true of osteomyelitis and tuberculosis. But that 
a slight injury to the nonvascular cornea induces the settlement of spirocha;ta^ 
in it is as yet unproved, and E. v. Hippel has rightly spoken in opposition to 
such an idea, and has insisted that hereditary syphilitic keratitis may occasion- 
ally appear coincidentally with an injury without any etiological connection 
between them, inasmuch as the disease attacks the two eyes one after the other, 
without any prodromal symptoms of irritation, in thousands of cases. The idea 
that the injury of the cornea of the first eye may cause the infection of the 
second with spirochastie is purely theoretical. If it is correct, there is no disease 
of the eye that cannot be ascribed to an accident. Who can tell the limit of 
such a hypothetical reflex action of irritation.'* It is only necessary to rub the 
eye with a handkerchief and any iritis that may appear a few weeks later in 
the other eye may be ascribed to the injury of the first by the aid of a hypo- 
thetical nervous or vasomotor irritation. This is the logicsd consequence of 
the modified cilioneural theory and of the fruitless attempts to maintain it. 
The h3;pothesis has not advanced our knowledge of the haematogenous infectious 
diseases of the eye, it causes nothing but confusion. The sooner we divest our- 
selves of this theory, the better it will be for the progress of our science. We 
need not expect from Nature so unsuitable a contrivance as one which makes 
the nutrition of one eye dependent on conditions of irritation in the other. I, 
at least, perceive in the embryological development of the human pair of eyes 
a strong indication in the fact that, in spite of the close nervous connection, by 
means of which the two eyes perform their functions together, the nutrition of 
each is independent of that of the other. 

S. StffnpaiheUc IridoofcUHs as a Specific Mdatiam 

There is only one theory known at present which gives a natural explanation 
of all the clinical symptoms of sympathetic iridocyclitis and reed^ei adequate 
experimental support This theory is that sympathetic iridocyditis originates 
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haematogenously, just the same as any other spontaneous iridocyclitis, and is 
due to a specific metastasis from the eye first diseased. Mackenzie suggested 
this theory, but Berlin^ in 1880, was the first to enunciate it clearly. Berlin 
assumed that the agents in question entered the general circulation from the 
eye first affected, lodged probably in various places in the organism, but found 
conditions which rendered their renewed development possible only in the other 
eye. This hypothesis attracted little attention at first, but I have brought it into 
prominence by extensive experimental researches, and I can prove that it 
furnishes an adequate explanation of all the symptoms in the pathogenesis of 
sympathetic iridocyclitis. 

I will consider first the objections that have been raised to the transmission 
of the disease through the formation of metastases. It is difficult to explain by 
any other hypothesis why a minimum interval is necessary for the origin of 
a sympathetic iridocyclitis, but the fact that the onset of a sympathetic oph- 
thalmia takes place after a certain time of incubation is plausible from our 
views concerning metastasis. The plastic uveitis begins after the lapse of 
days or weeks. It is also premised that the infection takes place from isolated 
agents, but isolated agents have little prospect of causing a metastasis. It is 
necessary that these agents shall have increased and have overcome the resistance 
of the living tissue before they can force their way into the blood. Even in 
pyicmic conditions weeks often elapse before the agents can break into the 
blood channels. 

Our theory also explains how it is that sympathetic iridocyclitis can break 
'out some weeks after the enucleation of the wounded eye. We know that mi- 
croorganisms, when they have once entered the circulation, may retain their 
vitality for a long time in the internal organs, and the idea that the unknown 
agent of sympathetic iridocyclitis may retain its vitality for a long time in the 
body needs no discussion at the present time, when the investigation of protozoa 
is in active progress, when we know that trypanosomata which have apparently 
disappeared may reappear after many weeks. 

The question, why the second eye only is affected while the rest of the body 
remains well, was formerly urged vehemently against the conception of sympa- 
thetic iridocyclitis as metastatic, but forms no objection to the student of 
bacteriology. No one who is familiar with the specific adaptation of a series 
of microorganisms, and with the elective affinities of bacterial products to cer- 
tain constituents of the protoplasm can find anything more wonderful in the 
localization of the agents of sympathetic iridocyclitis in the second eye, than in 
the affection of the human blood cells by the plasmodia of malaria in a certain 
stage of development. In order to understand sympathetic iridocyclitis we 
need only to remember that there are microorganisms that may settle in all kinds 
of tissue^ and other infectious agents which may dwell in only one form of 
cell. 

Moreover, I know of no theory which is better fitted to explain the clinical 
fact that sympathetic iridocyclitis may appear without any prodromal symptoms 
of irritatioifi. Just as the iridocyclitis may develop in the first eye, after the 
minutest injury, without previous irritation by any other process, so the sympa- 
thetic Ophthalmia may develop in the second eye without prodromal symptoms as 
soon as the specific infectious agents have been implanted in it by way of 
metastasis. 

Our theory becomes still more probable from the fact that it is able fto 
furnish a natural explanation of the absence of meningitic symptoms, and of 
the commencement of the inflammation in the iris, or the ciliary bodv, in the 
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uvea. When we assume that the infection is carried to the second eye by way 
of the blood the absence of symptoms referable to the base of the brain is clear 
at once, particularly if the microorganisms are such as are dangerous only to 
the eye. 

The best opportunity for the agents to settle in the second eye would be 
afforded in all probability by the organs most abundantly supplied with blood, 
the uvea, in which the inflammation usually starts. The peculiar nature of 
the subdivision of the vessels and the smallness of the capillaries may perhaps 
play a part in this. When the inflammation really begins as a papillitis is it 
not just as conceivable that the agents may occasionally settle in the capillary 
system of the optic nerve? At any rate it is shown by the subdivision of 
metastases in the same organ that quite specific relations exist between the place 
of settlement and the bacteria. I need only mention the exemption of the 
kidneys in the tuberculosis of guinea pigs, the specific glanders of the same 
animal, the lepra nervorum of man, and the localization of the agents of acute 
articular rheumatism in the joints. 

At the present time the pathogenesis of sympathetic ophthalmia is best 
explained by the theory of specific metastasis, and I may repeat here some 
points whicli I propounded on a former occasion : "It has hitherto been thought 
possible that a syphilitic iridocyclitis, or a syphilitic papillitis, may originate 
through the entrance of infectious germs from the blood, but something else has 
been looked for in the origin of sympathetic iridocyclitis, chorioiditis and pap- 
illitis. It seems to me to be an advantage to our theory that it places sympa- 
thetic iritis, iridocyclitis and papillitis in the same group as other genuine forms 
of iritis and iridocyclitis that originate in the absence of injury, so far as patho- 
genesis is concerned. Thus we come to understand why the diagnosis of a 
sympathetic ophthalmia is often one of probability.'* The clinical fact that we 
cannot calculate upon the occurrence of this disease is likewise readily explain- 
able by the idea of metastasis. If there were a lymphangitis along the path of 
the optic nerve, which always had to travel the same way, if a reflex transmission 
of irritation had to first prepare the soil for a settlement, rather more uniformity 
would be expected in regard to the time of the outbreak of the sympathetic 
disease than is the case; on the contrary its appearance cannot be calculated 
on, and this is customary in metastasis. 

The question now arises whether this theory, even though it may harmonize 
naturally with the clinical facts, receives experimental support. Such support 
neeils the prtxif of three facts. 

First, it must be proved that after an acute or chronic intraocular infection 
a part of the pathogenic agents do in fact enter the blood. I have demon- 
strate!) this in a great variety of intraocular infections. A portion of the 
morbific agents enter the circulation from the interior of the eye and are de- 
pi^iteil in tlH> large glands not only in infectious inflammations that lead to 
sepsis, but in all other intraocular inflammations as well. 

8ect)nd« it must Ik^ pro\*ei) that the agents that enter the blood after intra- 
ocular infections invade« each according to its nature^ with a certain predilec- 
tion, those organs in which tliey excite only their diaracteristic disease. I have 
demonstrated this also. For example: when the as yet unknown agents of the 
aphthae episootica^ are injected into the vitreous of suitable animals, they enter 
the blooi)« seek out tlnnr specific localisation and produce a specific foot and 
mouth disease. Hence we are justifiei) in believing that the agents of sympa- 
thetic iriilocyclitis may likewise find from the blood suitable quarters in the 
vascular rt\ijit>ns of the eye alone. 
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Finally it must be proved that pathogenic agents which excite inflamma- 
tions only within the eye and are indifferent to the other organs of the body,, 
may not only be found in the internal organs after an intraocular infection, but 
can also be traced to the iris of the other eye. This may be demonstrated by the 
following experiment: If a dense culture of spores of the bacillus subtilis is 
injected into the vitreous of several rabbits, through the cornea and lens so as 
not to injure the blood vessels, and if the animals are killed at different times, 
culturally demonstrable spores of the bacillus subtilis are to be found in the in- 
ternal qrgans of all the rabbits and in the iris of the second eye of many of 
them. The final condition alone, to produce after an intraocular infection of 
the first eye a similar inflammation of the second, the animal remaining mean- 
while in perfect health, i.e., to produce a sympathetic ophthalmia, cannot be 
complied with, because we do not yet know the agent of this disease. 

IL Prophylaxis of Sympathetic Iridocyclitis 

I have given this brief course of instruction as to the present position of 
science concerning the origin of sympathetic ophthalmia because the major part 
of our prophylactic measures have been, and always will be, influenced by these 
theories. Sympathetic iridocyclitis is difficult to cure when it has once become 
established, but it will not appear if timely precautions are taken to render the 
focus of infection harmless. 

Anyone who believes in the modified cilioneural theory must logically 
advocate the preventive opticociliary neurotomy, in order to prevent in this way 
the reflex transmission of irritation and so remove the predisposing cause of 
sympathetic ophthalmia. Likewise anyone who adheres to the migration theory 
must try to destroy the path followed by the wandering germs by a preventive- 
opticociliary neurectomy. Both of these operations were in fact highly recom- 
mended formerly. They were based on the principle of dividing all of the 
posterior connections of the eye first diseased in order to isolate it. The optic 
nerve, ciliary nerves and vessels are simply divided in neurotomy, in neurectomy 
a piece of the optic nerve is also removed. Clinical experience has proved that 
neither operation has any prophylactic value, but that sympathetic iridocyclitis, 
may appear after either. Such a result is not surprising to those who believe 
that the agents may break their way into the blood channels after overcoming 
the resistance of the tissues. I have proved experimentally that the micro- 
organisms in intraocular infections can be taken into the blood from eyes after 
opticociliary resection just as well as from normal eyes. 

A second prophylactic measure is exenteration of the globe, but this like- 
wise has proved not an absolutely certain method of preventing the disease in 
the second eye. Modem researches have shown that little traces of the uvea 
may remain and form the source of a metastatic inflammation after an exentera- 
tion. When the case is one of panophthalmitis there is, as a rule, no choice but 
to perform a careful exenteration. 

The only certain prophylactic measure to prevent sympathetic iridocyclitis 
18 the timely enucleation of the injured eye, when the presence of an inflamma- 
tion that is able to give rise to a sympathetic inflammation is jaest>ected. The 
intraocular focus of infection is removed with certainty by an enucleation, but, 
as we cannot know in any given case whether or not any of the agents have 
ahready been carried away we can consider the prevention sought for by the 
enucleation as attained only after the second eye has been free from inflammation 
for at least four weeks after the operation, as Schirmer has correctly insisted. 



372 INTRAOCULAR FOREIGN BODIES 

The precept to perform a timely operation on an eye which is suspected to 
contain a uveitis that may give rise to sympathetic ophthalmia is not always 
to be easily complied with in practice, especially when the injured eye still re- 
tains some vision and the hope remains that the traumatic uveitis will recover. 
Cases of this nature must be treated by specialists. The duty of the general 
practitioner is easier; he has only to take care that wounded eyes in which 
uveitis has developed after the injury are sent in time to the ophthedmologist. 
It may happen that a patient will refuse to submit to the operation ; in such a 
case it is advisable that he attest in writing that he assumes the responsibility 
himself. As an assistant I have seen the Professor of Ophthalmology himself 
not proof against a suit for damages, although he had been thoroughly con- 
scientious and had given timely advice to have the enucleation performed. 



95. Foreign Bodies in the Eye and the Extraction of Splinters of 

Iron with the Magnet 

Our patient is a smith, into whose eye something flew a week ago, while he 
was engaged in his work, beating iron with iron. He felt a severe pain for a 
short time. At first he could still see, but for the past three or four days the 
-eve has been blind. The eve is unirritated and exhibits a small, linear cicatrix 
almost in the centre of the cornea. The anterior chamber is normal. The lens 
is completely opaque, and a small fissure can be detected in the anterior len- 
ticular capsule. 

Our first question in every injury of the eye, whether the wound is perforat- 
ing, or not, is answered by the fact that the lens is opaque, that there is a 
traumatic cataract. The second question, most important as regards the fate 
of the eye, whether infection is present, fortunately can be answered in the nega- 
tive, for the eye is absolutely unirritated and is free from all signs of inflamma- 
tion. 

In many cases of injury we have to answer a third question, whether the 
foreign body is still present in the eye. It may be asked a priori: Why is this 
last question of such great importance.'^ What difference does it make if a 
minute splinter in an aseptic condition has penetrated into the eye and become 
fixed tliere.'^ Can it not become encapsulated without causing reaction? 

Both experiments and much clinical experience have proved that there is 
scarcely a single kind of foreign body which can be borne in the eye without 
harm. With few exceptions eyes that contain foreign bodies lose after a vari- 
able length of time both their function and their form, 

L Tolerance of the Eye to Intraocular Foreign Bodies 

The foreign bodies most often met with are bits of iron, steel, copper, stone, 
glass, porcelain, splinters of wood, shot, grains of powder and particles of 
sand. We know, from Leber^s researches concerning the origin of inflamma- 
tion, that even the purely aseptic foreign bodies do not remain unchanged in 
the eye, but that small parts of almost all are dissolved by the intraiocular 
fluids, spread by diffusion, and excite inflammation through their chetnical 
actions. The degree of the inflammation depends on the chemical constituents 
of the foreign body, and we can therefore differentiate between those that excite 
only a slight reaction and those that produce the most serious changes. For 
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example: if a small, aseptic splinter of glass, porcelain, or wood is driven into 
the eye it will produce at first only a slight degree of inflammation ; it may be- 
come encapsuled, and the results attendant on the cicatricial contraction, dis- 
turbances of vision and detachment of the retina, may not appear until 
considerably later. 

The situation is entirely different when a bit of copper has been driven into 
the eye, as by the explosion of a percussion cap. Every bit of copper excites 
a destructive, purulent inflammation in the eye. If the piece of percussion cap 
is in the anterior chamber a purulent iridocyclitis develops, if it has penetrated 
into the vitreous it shortly becomes enveloped by a large collection of pus, which 
necessitates the enucleation of the eye. In the lens alone minute particles of 
copper may be borne for years and produce no bad effects, aside from the forma- 
tion of a cataract. 

Particles of iron are the foreign bodies most commonly met with in practice. 
What would become of the eye of this patient if it contains a splinter of iron, as 
we suspect it does, and if the foreign body should be allowed to remain there? Per- 
haps what I said on this subject when discussing diseases of the lens may be 
recalled. An aseptic bit of iron may be borne apparently without reaction for 
a long time, but gradually the iron becomes dissolved by the carbonic acid in the 
tissues of the eye, within which the dissolved iron spreads by diffusion; this 
leads to a series of important clinical and anatomical changes. 

The first clinical sign of this intraocular effect of iron is that the eye begins 
to be hemeralopic; vision is bad in the twilight. The visual field may also be 
concentrically contracted and finally the central vision fails, because of a pro- 
gressive retinal atrophy that results from the effect of the iron upon the gan- 
glion cells and nerve fibrils of the retina. When it is possible to see into the eye 
a peculiar pigmentation of the retina, which resembles that of retinitis pig- 
mentosa, may be seen extending from the periphery. This is followed by 
peculiar changes in the iris and lens. The iris assumes a brown, or greenish 
appearance. The lens presents the signs of iron cataract whether the foreign 
body is in it, or in the vitreous; it receives a brown discoloration, and rust 
brown points appear along the pupillary margin, consisting of proliferated 
capsular epithelium containing deposits of the iron compound. Finally, opacities 
appear in the vitreous. The injury produced on the uvea by the action of 
the iron is especially shown by^ recurrent hemorrhages. This symptom complex 
we call siderosis bulbi. Its anatomical basis has been studied particularly by 
E. V. HippeU The final result is enucleation. 

n. Demonstration of a Foreign Body in the Eye 

How are we to determine whetlicr a foreign body is still present within the 
eye? We must first ascertain if we can see the foreign body. Foreign bodies 
in the anterior chamber are naturally the most easy to detect, but the angle of 
the chamber may form a hiding place, or they may have penetrated deeply into 
the parenchyma of the iris. Eyelashes are not very rarely carried into the 
anterior chamber at the time of the injury, and these may lead to the develop- 
ment of cysts of the iris. 

We have certain points to guide us when the foreign body is in the vitreous. 
If it passed through the cornea we can see the little wound, or scar. The 
symptoms of a perforation, abolition of the anterior chamber after the escape of 
the aqueous, and reduction of the intraocular tension, usually are met with only 
just after the injury, because when the wound closes quickly the intraocular 
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tension is soon restored; they may be altogether absent when the perforatinij 
splinter is very minute. We therefore try to follow the track of the foreiim 
body. When it has passed through the lens we look for wounds in the anterior 
and the posterior capsule, which may be connected by a straight line thouirh 
the splinter may turn and deviate from a direct course. ' 

If we find nothing to guide us in the still transparent lens we turn to the 
iris. No prolapse takes place when the splinters are small, but the pupil is 
frequently drawn somewhat toward the place of perforation, or we may see in 
the iris the aperture through which the foreign body passed. The place mav 
also be indicated by a small hemorrhage. ^ ^ 

If the foreign body entered the eye through the sclera we may find little 
hemorrhages in the vicinity of the wound, or a portion of the vitreous, or of the 
uvea, may be present between the lips of the wound. If the refractive media 
are not opaque we make an examination with the ophthalmoscope. 

The force of the foreign body is usually so great that it does not remain 
near the wound of entrance, hanging in the vitreous, in which it sinks more or 
less, but is driven forward to the opposite wall of the eyeball, where it either 
remains sticking in the membranes of the eye, or rebounds more or less and then 
sinks. It may even pass through the opposite wall of the eyeball and escape 
into the orbit. This possibility must be borne in mind, particularly when we 
are dealing with shot woimds of the eye. 

The ophthalmoscopic findings differ very much. The foreign body can 
frequently be seen, looking like a black point. Sometimes splinters of iron have 
a metallic lustre, but usually they are just as dark as bits of stone, or other 
foreign bodies. A splinter of copper often gives a yellowish red reflex from 
the depths of the eye, especially when it can be seen by focal illumination. 
Transparent bits of glass cannot be seen, but sometimes we may observe a cord- 
like opacity that marks the track of the foreign body, while the latter may be 
enveloped in dense opacities, or hemorrhages. In other cases the place where 
the foreign body struck the wall of the eye can be recognized ; it has a whitish 
appearance and is often surrounded by hemorrhages. If the retina and choribid 
were lacerated the white sclera is bared, or the margins of the laceration of the 
retina may be perceived. If the foreign body has been in the vitreous for a 
long time it may be encapsuled, or enveloped in a fresh inflammatory exudate 
so that only whitish, or yellowish masses may be seen ; as a rule they are situ- 
ated in the lower part of the eyeball. 

In still other cases we may see bubbles of air in the vitreous ; these have clear 
centres and deep black edges. Their presence proves that the posterior seg- 
ment of the globe has been opened, but we can infer nothing from them as to 
the presence of a foreign body. If the refractive media are still clear and the 
vision is still good, the position of a foreign body may be located by a scotoma 
in the visual field, which is caused by the injury to the retina. The foreign 
body may, indeed, occasionally be perceived entoptically by the patient himself. 
In many cases, however, the ophthalmoscopic diagnosis of a foreign body is 
rendered difficult by opacities and hemorrhages in the vitreous, and when the 
lens is totally opaque, as in this patient, the hope of seeing the foreign body is 
vain from the start. 

Our next resource is the X ray examination. We take an X ray picture of 
the eyeball first in one position and then in another, and may in this way de- 
termine the location of the larger foreign bodies within the eye. It is par- 
ticularly important that this method be used in the examination of shot wounds, 
in order that we may be sure that the shot is not still within the eye. Small 
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splinters nrc apt to esciipt- ik-tcction by this method, because tliey «lo not cast 
!'utliciently sharp image§. 

Miinv such c^-es must be kft to their fate, unless they contain one kind of 
lon-ign bo<h' where it cannot he seen: a splinter of iron. It has been calculated 
that 75'fj of all foreign bodies that penetrate into the vitreous are composed of 
iron or steel. We have two more methods at our disposal with which to demon- 
strate the presence of such foreign bodies. 

If we suspect that a splinter of iron is within the eye of a patient, we 
employ, with the necessary precautions, the sideroscope, which wiis devised by 




I 

H Atmui for ophthahuological purposes. This instrument consists of a magnetic 

^g needle hung on » thread, which is brought close to the eye, so that the movement 

of the needle will indicate the presence of the minutest bit of iron. In order to 
read the indications of the niOTenients of the needle AitnuH uses Gaum* mirror 
drtcctor. A little mirror is attached to and moves with the needle, so as to re- 
flect a scale placed horizontally in front of it, the images of which are read 
through a telescope. We can utilize the varying amplitude of the excursions 
of the needle at different places on the eyeball to locate the position of the 
foreign bodj. The presence of splinters of iron that weigh less than one milli- 
gram c»ii be demonstrated by means of this delicate instrument. 



Fig. 79.— Magnet Extraction, 
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nL Magnet Extraction 

The application of the electromagnet serves not only to diagnose the presence 
of a spicule of iron in the eye, but also at the same time to remove it. The 
credit for having made this instinmient useful in ophthalmology belongs to 
Hirschberg. Hirschherg^s hand magnet serves to extract the spicule from either 
the vitreous, or the anterior chamber, after an opening has been made in the 
capsule of the globe. The giant magnet was devised by Haab and has been 
modified in various ways. A number of different models are now in use. 

We always begin with the giant magnet. After we have cleansed the neigh- 
borhood of the eye and the conjunctival sac, and have instilled cocain, we bring 
the eye carefully toward the instrument. If the lens has been injured, as in 
this case, we cause the magnet to act through the centre of the cornea. The 
patient feels a sharp pain as his eye approaches it, and, behold, here is the 
spicule oi| the magnet, ready to be weighed. It has returned through the lens 
and has passed through the wound of entrance in the cornea. We need only to 
bandage the eye and, later, to remove the traumatic cataract by operation. 
When the lens is uninjured we try to draw the spicule of iron through the 
pupil into the anterior chamber. To do this we apply the magnet toward the 
peripheral part of the iris and interrupt the current as soon as the foreign 
body appears behind the latter, in order that the tissue may not be perforated. 
Then we apply the magnet in another place so as to try to guide the foreign body 
through the pupil into the anterior chamber. After this has been done we need 
Hirschberg^i hand magnet. The anterior chamber is opened with a keratome, 
the point of the magnet is introduced and then the spicule is easily extracted, as 
a rule. 

There are cases in which the use of the giant magnet is contraindicated, as 
when the splinter of iron has been in the eye for a long time, or is firmly en- 
veloped by a connective tissue capsule. In such a case we try to locate it by 
means of the sideroscope, open the sclera by a meridional incision, and introduce 
tlie point of the hand magnet directly into the eye. The introduction of the 
magnet was a great advance in ophthalmic therapy ; by means of it we can save 
a portion of the vision of a great many eyes which otherwise would be lost. 
When the lens is not injured it is possible for perfect vision to be regained. 

96. Prophylaxis of Injuries of the Eyes and of Their Complications 

No one can fail to perceive that injuries of so valuable an organ as the 
•eye enter deeply and in many ways into the questions of the existence of the 
individual, the welfare of the family and social economics. The importance 
of these injuries is so great that it can be readily understood why much has 
been done to prevent them by means of an efficient prophylaxis. Many 
safety devices have been adopted in the individual trades, and I strongly ad- 
vise that every op])ortiinity be taken to study them. Protective screens are 
to be found in the metal and iron industries to intercept any foreign bodies that 
may fly off, and suction contrivances may be seen attached to machines. 
Naturally we cannot deal with all of these things, but shall consider only the 
prophylaxis of injuries of tlie eyes in so far as it pertains to medical activity. 

First a word concerning protective spectacles. Many artisans, if not the 
majority, are outspoken in their objections to the wearing of them. Any^one 
who will wear a pair for a while can readily convince himself that they possess 
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certain inconveniences and disadvantages. Many of them interfere with the 
vision. They cannot but become dirty during work, they become scratched, 
tarnished and dull. Moreover, they increase the trouble of an artisan who has 
an error of refraction, or whose vision is otherwise impaired. Other workmen 
complain of a feeling of heat in the eyes, especially those who wear the closed 
models. To appreciate this feeling it is only necessary to wear for a while a 
similar pair of automobile goggles. The perspiration accumulates behind such 
spectacles. When the work is about a fire the metal frames may become quite 
hot. We also find that those who wear protective spectacles often suff^er from 
a chronic hyperaemia of the conjunctiva and tend to have more severe conjunc- 
tival catarrhs. Protective spectacles that have been worn a long time are often 
dull with dirt, and then they form direct sources of danger of infection to the 
environment of the eye, and even to the eye itself. Experiments performed in 
the clinic of v. Michel have proved that infectious germs may lodge on the cilia 
directly from such infected spectacles. Other protective spectacles are too 
heavy, and cause the workmen to complain of headache, pain at the root of tlie 
nose and in the ears. One of the most serious objections is that many models do 
not furnish satisfactory protection against injury. The breaking of the glasses 
themselves have given rise to injuries of the eye, and, on the other hand, models 
have been used which from their construction were unable to prevent injuries. 

These unquestionable inconveniences and disadvantages do not render the 
wearing of protective spectacles unnecessary in the various trades. On the 
contrary every physician should impress, by advice and warning, that this is 
one of the most efficient measures that can be taken in the prophylaxis of in- 
juries of the eyes. Still it is necessary that these inconveniences be ameliorated 
and that every effort should be made to improve the models. It is not every 
form of spectacles that is suited for a particular trade. We have here: 1. 
Protective spectacles suitable for workers in hard materials who need accurate 
vision. Here again the workmen require different models according as the 
spicules of metal cast off during the work are very minute, or of a larger size. 2. 
Spectacles suitable for workmen in hard substances who do not need such sharp 
vision. 8. Spectacles for workmen in hot, or corrosive substances, a spattering, 
or a spilling of which is to be feared. 4. Spectacles for workmen exposed to 
glaring light. The injurious effect of the ultraviolet rays is particularly 
called to our attention by a number of models that are constructed with glasses 
that absorb these rays of light. 

The physician can take part in various other ways in the prophylaxis of inju- 
ries of the eye. I believe that within the sphere of his influence the physician is an 
efficient educator who has ample opportunity to display his powers in contest 
with the indolence, stupidity and ignorance of the populace. Children furnish 
a very large share of the gravest perforating injuries of the eye ; hence, the old 
saw cannot be repeated too often in school and at home : knife, fork, scissors and 
fire are not fit for little children. Wherever opportunity offers the physician 
should promote by instruction and warning the prophylaxis of these forms of 
injury to the eye. 

Another form of prophylaxis is that of the consequences of injuries of the 
eye. This consists of the careful observation of patients. Recall that super- 
ficial injuries of the cornea are very apt to lead to ulcus serpens in the people 
of the laboring classes, especially when the patient has a chronic dacryoc^'stitis. 
Axenfeld is right in his claim that the prophylactic extirpation of the diseased 
lacrymal sac is one of the most important measures that can be taken to prevent 
ulcus serpens. The timely advice of the physician can prevent many a mis- 
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lfff^,tmh. Eren when the injurr has occiiiTed» he can do much in the way of 
\ffff\kij\AX\sk. I do not mean bj this that he can undo the injury, but that he 
ustwX try in every war to mitigate it^ consequences and to prevent complica- 
tionM, I will make mjself clear with a few practical examples. 

If an ulcus nerjtenn is to be feared, or if one is alreadj in progress, after a 
«fip#:rficial injury of the cornea, the patient should receive a subcutaneous 
pn/pfivUctic injection of pneumococcus <>erum and have his eye dressed; then 
the at/1 of the specialist should be sought, for extirpation of the lacrymal sac 
and for the further treatment of the ulcer. 

Foreign bodies in the conjunctival sac, and especially in the cornea, should 
U: r^rfnoverl as quickly as possible by a physician. The workman very often 
^4t'k^ fo have such foreign boilies removed by his comrades, but unskillful hands 
Hful dirty instruments frequently give rise to great trouble. 

If then: is any suspicion that an eye has been injured by a penetrating 
^pliritir of iron the patient should be taken to the ophthalmologist at once that 
he may fry to remove it with a magnet as quickly as possible. 

H/itff' in not usually so necessarv in contusions of the eye without rupture 
of fUf globe, but a case in which the lens has been dislocated into the anterior 
rhamU'r forms an important exception. The immediate removal of the lens 
i% inifH-rafive in order to prevent the rapid development of a secondary glau- 
rofna. In |H-rforating wounds the physician first consulted should cleanse the 
eye anrl the wound and then apply an aseptic dressing, in order to do every- 
thing possible to prevent infection. If the wound is already infected we have to 
fake info consideration the safety of the second eye, as well as to care for the 
injured one. Desirable and necessary as it is that injured eyes should receive 
fhe airl of the ophtliahnologist as quickly as possible, yet the general practitioner 
ran do a great deal in the way of prophylaxis. 

97. Cranial Injuries and the Eye 

We have to examine a patient who fell three months ago and fractured the 
base of hin skull. His statement that one eye became blind immediately after 
fhe injury has l)een doubted. The eye may be involved in many ways, and the 
changeN met with in that organ are diagnostically valuable in injuries of the 
skull. Wln'n the eye is evidently involved in such an injury the course of the 
exainination seeiiiM to guide itself. Wc first notice what injuries have been 
suffered hy the soft jmrts about the eye, then examine into the condition of the 
walls of the orbit and finally ascertain what injuries have been inflicted on the 
eye itself. These injuries present the most manifold combinations of lesions, 
hut on the whole they may be classed into six predominant types: 1, Hemor- 
rlmg«' into the orbit and exophthalmos; 2, emphysema of the orbit; 8, frac- 
tures of the hones of the orbit in connection with fractures of the base of the 
skull ; 1, lesions of the optic nerve in amnection with fractures of the base of 
the skull ; 5, lesions of the central optic tract; 6, parcses of the ocular muscles. 

I. Orbital Hemorrhages and Exophthalmos 

When a severe contusion falls upon the bones of the face and skull in the 
vicinity of the eye, i.e., upon the frontal, malar, superior maxillary and nasal 
iMmes, {)T upon tlie Inmy framework of the orbit, a hemorrhage takes place into 
the cavity in the nuijority of cases. An orbital hemorrhage is in fact the com- 
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inonest symptom, and the first one we look for in such injuries of the skull. 
The hemorrhage may come from lacerated vessels in the orbit, or from fractures 
in the wall of the orbit and, through these, from the accessory sinuses. The 
blood may force its way into the orbital fat, into Tenon*s capsule, into the 
vaginal space of the optic nerve, or beneath the periosteum of the bones. 

The principal symptoms of an orbital hemorrhage are exophthalmos and 
sugillations of the conjunctiva and lids. The skin escapes discoloration only 
when the blood is confined beneath the periosteum. The exophthalmos can be 
perceived at once; the e^^cball is displaced forward, laterally, or upward, and 
its movements are restricted in accordance with the position and extent of the 
hemorrhage. The limitation of movement is due to the contraction of the space 
in the orbit, as well as to the compression of the nerves and muscles. It may 
be mentioned in this connection that the hemorrhages that follow contusions may 
be very great in persons who are hemophilic, and that in such persons the hemor- 
rhages may even occur spontaneously from stooping, or coughing. 

We have to consider what effect may be produced by an orbital hemorrhage 
when it is the only symptom present on the part of the eye in an injury of the 
skull. The exophthalmos may be so great as to prevent the closure of the lids, 
and then the cornea is exposed to the danger of becoming dry. Mydriasis, due 
to pressure on the nerves, is observed not infrequently. Above all, the vision 
may be impaired, and this impairment may increase to blindness, when the orbital 
hemorrhage is very great, because of the pressure exerted on the optic ner\'e and 
on the blood vessels that supply the eye, but an amaurosis that appears immedi- 
ately after an orbital hemorrhage indicates a direct lesion of the optic nerve 
almost with certainty, even though no changes can be recognized at once with 
the ophthalmoscope, for such a hemorrhage alone cannot make the optic nerve 
totally, incapable of performing its functions. Although a hemorrhage into the 
orbit may occur after traumatism to the head without fracture of its bones, yet 
in many cases, as v. Bergmann in particular has insisted, the existence of a 
fracture of the base of the skull may be diagnosed from its occurrence. 

The treatment of an orbital hemorrhage depends on the case. Generally 
the blood undergoes spontaneous resorption, and it is only in cases of subperi- 
osteal hematoma that the process is very much prolonged. In such cases we 
content ourselves with a pressure bandage. When the exophthalmos is extreme, 
the injury fresh, and the lagophthalmos endangers the eye, incisions, or punc- 
tures, may be made to evacuate the blood. In one such case I withdrew 16 ccm 
of blood by means of a syringe and obviated the exophthalmos. 

IL Emphysema of the Orbit 

Exophthalmos is the first symptom we notice in an orbital hemorrhage. 
When we try to press the eyeball back we feel the resistance that is opposed to 
our efforts by the orbital tissues that are filled with blood, but sometimes the 
feeling is different. Air, instead of blood, occasionally enters the orbit, or the 
eyelids, in injuries of the skull, and then we have an emphysema. 

We may differentiate three varieties of emphysema of the eye: the purely 
palpebral, the orbitopalpebral and the orbital. The purely palpebral is very rare, 
but is met with occasionally in a fracture of the lacrymal, or nasal bone. The 
orbital, or orbitopalpebral, is much more common. Air enters the orbit after 
fracture of the lamina papyracea ; if it accumulates behind the septum orbitale 
an orbital emphysema is produced, but if part of it penetrates beneath the skin 
of the lid we find the orbitopalpebral form. This differentiation has a certain 
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clinical Importance. The lids are swollen in all three forms. In palpebral and 
orbito palpebral emphysema we can feel the crepitation of the air beneath the 
skin, but the eyeball is not protruded, while in orbital emphysema there is alwny.t 
a great exophthalmos together with the swelling of the lids. The latter form 
is therefore of greater interest to us in injuries of the orbit. 

Orbital emphysema is easily recognized: the eyeball protrudes, the lids are 
swollen, the palpebral fissure is closed. The protrusion of the eyeball is asso- 
ciated with limitation of motion and diplopia. The swelling of the lids differs 
from that in palpebral emphysema in that it extends only to the margin of the 
orbit and remains at a distance front the margin of the lid. The skin of the 
lid is pale. When we press the eye back the resistance offered is not as great 
as in orbital hemorrhage and no crepitation is felt beneath the fingers. The 
swelling gives a tympanic note on percussion. 

The exophthalmos that may thus be produced in an orbital emphysema hus 
an even greater signification in the diagnosis of a cranial injury than one due 
to an orbital hemorrhage. An emphysema alwayg tells us that there is a frac- 
ture of the icall of the orbit, for it can occur only when a communication has 
been formed between the orbit and one of the accessory sinuses that contains air. 
Most often it is the inner wall of the orbit, the lamina papyraeea of the ethmoid, 
that is frnctHred. but, more rarely, the fracture may extend into the frontal 
sinus, or the antrum of Highmore. According to the researches of Hecrfordt 
the orbit in such a case is under a mercurial pressure of 80 mm, the highest 
pressure in man of physiological expiration. The explanation of the origin of 
an emphysema is that during an expiratory increase of air pressure, caused 
usually by blowing the nose, the air is farced out of the accessory sinus into the 
orbital tissues. The patient frequently feels a darting pain, but the time after 
the injury at which the emphysema appears varies a good deal. Usually the 
patients are impelled to blow the nose on account of bleeding, so in most cases 
it appears shortly after the injury, but sometimes it is delayed for several weeks. 

Little is known as yet of the way in which the orbital wall becomes fractured 
in cases of orbital emphysema. Fuchx is of the opinion that when the ej'eball 
is struck at the time of the injury it is forced backward against the orbital fat, 
which yields in the same manner, and crushes the delicate lamina pupyracea. 
Salut, on the other hand, was able to produce fractures in the himina papvracca 
in the cadaver by blows upon the margin of the orbit. It may be mentioned in 
this connection that there are persons who are accustomed to take snuff in whom 
■ an emphj'sema may be produced spontaneously on blowing the nose without any 
preceding traumatism, and in whom this may occur repeatedly. It is probable 
that in such cases the ethmoid cells are injured to such an extent by the habitual 
increase of the air pressure that they become broken inward toward the orbit. 

Although an emphysema of the orbit may appear very serious at first glance, 
its course is usually benign. The only trcotment necessary is to apply a pres- 
sure bandage and to forbid any action that may tend to cause increased air 
pressure, particularly any blowing of the nose. The air will then become ri- 
sorbed in a few days. It is only when the exophthalmos is extreme that the 
air may be evacuated by an incision. 



in. Fractures of the Bones of the Orbit and Enophthalmos Traumaticus 

When the region of the eye is involved in an injury of the skull we must not 
content ourselves witli palpation of the soft parts and of the eyelids, no matter 
whether it is a hemorrhage, or an emphysema that renders a fracture of the 
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wall of the orbit probable; on the contrary we must try to determine whether 
the fracture of the wall is direct or indirect. 

Direct fractures of the bones of the orbit are those that take place at the 
immediate point of impact, indirect fractures take place elsewhere, but this 
differentiation is not always easy. Ordinarily a direct fracture is associated 
with a lacerated, or contused, wound of the skin and often can be felt. A point 
of greater tenderness may indicate the place of fracture and, if the fragments 
are movable, crepitation may be detected. Indirect fractures can neither be 
seen nor felt, and the skin over them is intact, because the blow fell on another 
place. Very small fissures may even evade observation in X ray pictures, so we 
often have to depend on the accompanying symptoms to guide us to a diagnosis 
of an indirect fracture of the orbit. Symptoms more or less common to all 
fractures of the walls of the orbit are orbital hemorrhages, displacement of tlie 
eyeball, especially exophthalmos, emphysema and hemorrhages from the acces- 
sory sinuses, but we must note above all that the eye itself, or the optic nerve, 
is quite apt to be injured. The eye may be destroyed and even torn out, while 
the optic nerve may be crushed, or compressed by hemorrhages,, and so give rise 
to visual disturbances. 

In certain forms of accident, in which the head is compressed, the eyeball 
may be squeezed out, or torn out of the orbit. We speak of luxation of the 
globe when the eyeball lies in front of the orbital septum with the muscles and 
the optic nerve tensely stretched, and the lids closed spasmodically behind it ; of 
avulsion when the globe remains attached only by some shreds of tissue. Such 
injuries occur when the bony walls of the orbit are pressed together, as the 
fracture takes place, and the eyeball is pried, or pressed out. Luxation and 
avulsion of the eyeball are met with not only in serious accidents, but also during 
labor, in the course of a forceps delivery. . 

It may be mentioned in this connection that lunatics sometimes attempt to 
mutilate themselves by luxating the eyeball and occasionally tear i£ out com- 
pletely. They accomplish this by inserting a finger between the margin of the 
orbit and the eyeball so as to pry out the latter. Sometimes they try to tear 
through the muscles with the fingernails. 

Thus we have a series of indications when a fracture of the bones of the 
orbit is present and we try to determine from them the situation of the frac- 
ture. It is of less interest to us to differentiate between fractures of the margin 
and of the wall of the orbit, especially as fractures of the margin are usually 
combined with fractures of the wall, than to determine whether the fracture is 
direct or indirect. 

Fractures of the upper wall of the orbit arc met with in association with 
those of the frontal bone and of the base of the skull. Fractures of the middle 
and posterior fossa* are apt to extend to the anterior fossa. The supraorbital 
nerve may be injured in fractures of the upper margin of the orbit and fissures 
of the roof of the orbit frequently extend into the foramen opticum. Fractures 
of the lower wall of the orbit occur chiefly in connection with injuries of the 
malar and superior maxillary bones. In such cases a hemorrhage takes place 
into the antrum of Highniore, blood escapes from the mouth and nose, and in- 
juries of the infraorbital nerve, the rectus inferior and obliquus inferior may 
be observed. In many cases the eyeball is displaced into the maxillary antrum. 
It should be noted particularly that the lacrymal passages may be injured in 
fractures of the lower margin of the orbit. 

In fractures of the inner wall of the orbit, which are produced sometinicji 
by the entrance of foreign bodies at the inner ranthus, sometimes in connection 
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with fractures of the base of the skull, wc meet with hemorrhage from the nose 
and emphysenm of the orbit, and very often find the internal rectus injurcii. 
Fractures of the outer wall of the orbit occur principally when the blow falls on 
the temporal and the frontal processes of the malar bone. The chief aymptom 
is exophthalmos with hemorrhage from the mouth and nose. 



Enophthalmon Tri 



miitic 



A peculiar clinical picture, characterized by a sinking backward of the eye- 
ball into the orbit, is not infrequently met with in connection with these injuries. 
This condition is known as enophthalmos traumaticus. It occurs after a violent 




Fig. 80.— Traumatic Enophthalmos of the Left Eye after a Kick of a Horse. 



contusion on the bony margin of the orbit, or its inuiiediate environment, as 
when the blow falls on the nose, forehead, majar bone, cheek, or in many caSes 
on the side of the head. In every one of the coses 1 have thus far seen the 
condition was produced by the kick of a horse. 

A glance at a patient with enophthalmos traumaticus gives the impression, 
as Nieden has aptly said, that he is wearing an artificial eye (see illustration). 
The palpebral fissure is narrowed, the lids are sunken and the palpebral fold of 
the upper lid is drawn deeply beneath the margin of the orbit. The mobility of 
the lids is usually limited. Two important features are that the eyeball Hrs 
receded into the orbit and that the margin of the latter is usually deformed with 
scars In the surrounding skin. The eyeball itself may be normal as regards 
its internal condition and its mobility, but its vision is often reduced, even to 
blindness, and In the majority of coses Its mobility is limited in one or more 
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directions. The clinical pictures vary a great deal. The reason for this will 
be readily understood when we come to study the pathogenesis. 

Several factors, which may combine, take part in the production of this 
anomaly. In one case the principal factor is an enlargement of the space in 
the orbit, caused by the separation of the fragments of the broken bones, so 
that the eyeball seems to be disproportionately small. In another case the con- 
tents of the orbit become reduced in volume simultaneously with the deformation 
of its neighboring tissues. A large portion of the orbital fat may be displaced 
through a gaping wovmd into one of the accessory sinuses and this tissue may 
become atrophic to a great extent, through a fibrous condensation and shrink- 
age as the result of liemorrhages and processes of organization. Not rarely the 
case is one of pressure necrosis and pressure atrophy. In this way the eyeball 
is caused to recede. 

It was formerly thought that this contraction of the orbital tissues was a 
sort of trophoneurotic atrophy, caused by an injury to the trophic nerve fibres 
in the sympathetic and trigeminus, but this theory has been abandoned. The 
eyeball is drawn directly backward by the fibrous contraction of the contents of 
the orbit. Extensive fractures are always associated with great cicatrization. 

It has been correctly pointed out that the fascia, which primarily guaran- 
tees the fixation of the eyeball, may also be injured in fractures of the orbit. 
The enophthalmos appears sooner or later after the injury, as one or another of 
these factors predominates, but ordinarily a period of several weeks is necessary 
for its development. 

Therapeutically we are impotent in cases of traumatic enophthalmos. The 
deformity is permanent. If the patient is troubled with diplopia the eye must 
be covered so as to exclude it from the act of vision. 

After we have examined the margin of the orbit we investigate the lacrymal 
passages, for ruptures of the canaliculi, of the mucous membrane of the lacrymal 
sac, or of the entire lacrymal sac, are apt to be produced by contusions in this 
region. After a kick of a horse that has broken the bony framework of the 
nose we not infrequently find an injury of the lacrymal canal which gives rise 
to a dacryocystitis. 

IV. Lesions of the Optic Nerve in Fractures of the Skull 

We come now to the important question, whether the optic nerve has been 
injured. The involvement of the optic nerve is a frequent complication of in- 
juries of the skull. Under certain circumstances it may be compressed by an 
orbital hemorrhage alone, but it is of diagnostic value to know that generally 
speaking a simple orbital hemorrhage is of no great importance in the produc- 
tion of permanent lesions of the optic nerve, because the pressure can scarcely 
make this thick nerve incapable of conduction. At the most the optic nerve 
"may be stretched, or a transient circulatory disturbance may be produced in its 
"vessels by the pressure. When a permanent impairment of vision follows an in- 
jury to the skull, as in this patient, it has some other cause. Two things are 
to be considered from an anatomical point of view. 

Lesions of the Optic Nerve at the Foramen Opticum and Hemorrhages into Its 

Sheath 

First of all there may be a direct injury to the optic nerve at the foramen 
cqpticum. We know from numerous observations that fractures of the base of 
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the skull are very apt to pass through the optic foramen. Hence the optic nerve 
may be torn across, or at least crushed and compressed, very easily at this place 
by the displacement of fragments of bone, or by the breaking off of splinters 
from the lesser wing of the sphenoid. This fracture in the optic canal may be 
met with in all forms of injury to the skull, but it usually occurs when the 
frontal bone and the margin of the orbit is affected. When the impact of the 
blow falls on the opposite side of the head the fracture in the orbit is indirect. 

In cases of fracture of the base of the skull in which the patients do not lose 
consciousness and are able to observe their symptoms, they may themselves re- 
mark a blindness of one eye immediately after the injury. If we examine such 
an e^e with the ophthalmoscope immediately after the injury it appears to bo 
normal, but after the lapse of some time, usually two or three weeks, a descend- 
ing atrophy develops in the optic nerve. We can see the atrophy in the eye 
of this patient and can feel perfectly certain that the conductivity of the nerve 
has been broken in the optic canal. In some cases we find at first only a slight 
hypera'mia, or signs of engorgement in the optic nerve. 

The behavior of the pupil is of much greater importance in such a case when 
we have to make an early examination. If the optic nerve has been torn across 
direct reaction of the pupil of the injured eye and consensual reaction of the 
other pupil cannot be excited by light, while a consensual reaction must be ob- 
tained when light is thrown into the healthy eye. The amaurosis is immediate 
and permanent in the overwhelming majority of these cases. . 

Sometimes it happens that a circumscribed defect in the field of vision ap- 
pears immediately and remains permanently after an injury, and that, later, a 
partial, white, atrophic discoloration of the papilla can be perceived. In such 
a case the diagnosis is a partial laceration of the optic nerve in the optic canal. 

Exceptional cases are met with in which the vision is greatly impaired at 
first and then gradually becomes restored. In these cases the nerve was tem- 
porarily compressed at this place. 

When there is a great impairment of vision, or blindness of both eyes after 
a fracture of the base of the skull, there may be a bilateral fracture in the fora- 
mina optica, or a fracture of the sella turcica. Clinical experience has shown 
that when such a patient continues to live he does not suffer from bilateral 
amaurosis, but that a portion of his vision is restored. Indeed, cases of com- 
plete restoration of vision have been reported. 

Hemorrhages into the Sheath of the Optic Nerve 

Hemorrhages take place into the sheath in almost all cases in which the 
optic nerve is wounded at the optic canal in fractures of the base of the skull, 
and, doubtless, a part of the blood comes from the lacerated vessels in the canalis 
opticus. Intracranial effusions of blood may also enter the sheath when there 
is no fracture in the optic canal, for example, when the middle meningeal artery 
is ruptured. The accumulation of blood in the subarachnoid and subdural 
spaces of the sheath of the optic nerve may be so considerable as to cause an 
ectasia of the sheath; this condition is called a hematoma of the sheath of the 
optic nerve. 

The diagnostic value of these hemorrhages into the sheath of the optic nerve 
was formerly much overestimated, an echo of which may still be heard when the 
diagnosis is well marked. Knapp, Berlin and others believe that such a hemor- 
rhage may compress the central vessels of the retina and induce sudden blind- 
ness with the clinical picture of an embolism of the central artery, but we know 
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from the findings in numerous autopsies that the ophthalmoscopic condition is 
perfectly normal in the subdural hemorrhages into the optic nerve sheath, which 
are so frequently slight, that are met with in fractures in the optic canal. We 
also know that the fundus of the eye may be perfectly normal even in extensive 
hemorrhages into the optic nerve sheath. It is also true that we may meet with 
a hyperiemia of the papilla after a fracture of the base of the skull when there 
is no hemorrhage into the sheath of the optic nerve. It is only in subarachnoid 
hemorrhages, which may enter the sheath of the optic nerve from the cranial 
cavity, that we sometimes find a papillitis shortly after the injury. Hence, a 
hemorrhage into the sheath of the optic nerve can be diagnosticated with the 
ophthalmoscope only when a papillitis is present. Everything else is conjec- 
ture. A passage of the blood from the optic nerve sheath through the lamina 
cribrosa has not been proved, even in the rare cases in which a black pigmenta- 
tion of the scleral ring and of the atrophic papilla has been observed at a later 
period. It is probable that in such cases hemorrhages have taken place from 
the vessels of the papilla and retina. 

In addition to these primary changes, secondary ones may appear in the 
optic nerve after an injury to the skull. A papillitis may be produced by the 
increase of intracranial pressure occasioned by hemorrhage; this is to be seen 
usually a short time after the injury. We also meet with a neuritis in the post- 
traumatic, hemorrhagic softening of the brain, as well as when a meningitis 
supervenes upon an injury of the skull. Finally, it happens not so very rarely 
that a tumor cerebri develops years after a traumatism to the skull and causes a 
choked disc. 

V. Lesion of the Central Optic Tract after Injuries of the Skull 

All portions of the course of the optic fibres may be affected in cases of 
cranial injury. The chiasm, the optic tracts, the intracerebral bands and the 
cortical visual centre may all be harmed in the greatest variety of ways. I can 
give only a few diagnostic points. When the chiasm is injured we find either 
bitemporal hemianopsia, or amaurosis of one eye with temporal hemianopsia of 
the other; when the blindness is bilateral and the fracture is located in the an- 
terior portion of the base of the skull we are unable to say whether the chiasm 
has been completely destroyed, or both nerves have been lacerated somewliere 
along the base of the skull, or in the canalis opticus. All lesions above the chiasm 
must produce homonymous hemianopsia. Lesions of the cortical visual centre 
have been observed to be particularly frequent in injuries of the skull. When 
the right visual centre is injured the hemianopsia is on the left side. When the 
destruction of the centre is incomplete hallucinations and subjective sensations 
of light sometimes are produced. In uncomplicated cases the condition seen with 
the ophthalmoscope is perfectly normal. It is a matter of great interest to 
know that when a concentric contraction of the remaining portions of the field 
is met with in connection with traumatic homonymous hemianopsia, a combina- 
tion of traumatic neurosis and hysteria must be suspected. 

VL Lesion of the Nerves of the Ocular Muscles in Injuries of the Skull 

After we have taken into account tlie most important clinical types in the 
examination of a cranial injury with involvement of the eye and its surroundings 
in the way just described, after we have ascertained whether an orbital hemor- 
rhage, an emphysema, a fracture of the orbit, or a lesion of the optic ner\'e, or 
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of the optic tract can be demonstrated, there still remains one thin^ more for us 
TO do, we must determine whether any of the ocular muscles are paralyzed. 

Tlie abducens is the most frequently affected of the nerves that supply the 
ocular muscles. In fractures of the base of the skull it is' very apt to be lacerated 
at the place where the apex of the petrous portion of the temporal bone becomes 
horizontal. The facial nerve also is frequently injured in fractures of the skull, 
either alone, or together with the abducens. In most cases the paralysis is uni- 
lateral: bilateral paralysis occurs only in grave transverse fractures. 

It may be mentioned in this connection that paralysis of the facial nerve is' 
met with very frequently after labors in which the child has been delivered with 
forceps, but this paralysis is peripheral, produced by compression of the nerve 
after its exit from the stylomastoid foramen. If a facial paralysis appears at a 
later period as secondary to a fracture of the base of the skull, an inflamma- 
tion is to be suspected. The cases of traumatic facial paralysis have also fur- 
nished evidence that the secret orj- ner\'e of the lacrymal gland comes from. the 
facial. 

The oculomotorius is paralyzed in injuries of the skull much more rarely 
than the abducens and the facialis. In such a paralysis we must think primarily 
of a basal injury. In many cases the lesion may be situated in the fissura 
orbitalis superior, when a fracture extends into the roof of the orbit and also 
involves the optic canal. When the oculomotorius and abducens are simul- 
taneously paralyzed there may be a fracture of the petrous portion of the 
temporal bone, because these two nerves lie close together at this place. If the 
oculomrjtorius is paralyzed at the same time as the opposite side of the body, the 
lesion is in the peduncle. The trochlearis and trigeminus are affected least often 
of all. When they arc paralyzed the basal site is likewise the first to be con- 
sidererl. In all of these traumatic paralyses we have to consider whether, in any- 
given case, the probability is in favor of an orbital, a basal, a nuclear, or a cor- 
tical lesion. 

98. Concentric Contraction of the Field of Vision in 

Traumatic Neuroses 

I am about to introduce a patient who is engaged in a lawsuit against a 
railroad, in the course of which he has thus far been examined by more than 
twenty physicians. He received a trivial injury in a railroad accident and has 
developed a clinical picture which must be considered one of traumatic hysteria. 
I wisli to present the case because it gives me an opportunity to demonstrate im- 
jK)rtant ocular symptoms that are to be met with in neuroses that are induced 
by accidents. I will quote a few symptoms from his voluminous clinical history. 

No organic change is to be found in the patient. In walking he stands on 
the toes of his right foot, after sliding the sole of the foot slowly, but completely 
along the floor, and then the left leg hangs like a dead weight, extended at the 
knee joint, forming a right angle at the ankle joint, while the left side of the 
pelvis IS lifted at the same time. The left foot can then be seen and heard to 
slide along the floor. If he stands on his right leg the left is lifted from the 
floor only a little and for short intervals. He is unable to obey when directed 
to stand on his left foot. The left arm for the most part hangs down like a 
dead mass and is almost always moved passively with the right hand. This 
happens even when the movement to be executed could be accomplished by 
gravity alone. The left thigh is considerably smaller than the right. The sen- 
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sitiveness of the entire left side of the body, with the exception of the left side 
of the nose, is greatly impaired. On the left side of the body gentle touches 
are not felt, pricks are not painful, but are felt as touches and correctly lo- 
cated; a sharp instrument cannot be distinguished from a blunt one, neither 
can heat be distinguished from cold. As regards the reflexes, the left corneal 
reflex is the weaker, as is also tlie left pharyngeal reflex. The tendon reflexes 
are all present and both BahinskVs symptom and StruempelVi toe phenomenon 
are absent. The plantar reflex cannot be obtained on the left side. He com- 
plains of paralysis of his left arm and leg and of a constant itching of his right 
arm and leg, which sometimes augments and becomes a violent pain. His gait 
is uncertain, he has constant headache, he has a feeling of wretchedness, of 
weariness of the battle of life, and prefers to shut himself up in a dark room. 
Heart troubles particularly anno}' him. He has lost the power of localization, he 
is very forgetful, he is very easily vexed, his tone very quickly becomes whining. 
He no longer speaks fluently, but stammers and stutters, although his intelli- 
gence is unimpaired. These are only a few of the important points to be gleaned 
from this thick bundle of legal documents. The thorough examination made by 
the neurologists has proved that no organic disease is present, so there can be no 
doubt that this is a case of traumatic hysteria, the actuating cause of which 
was the railroad accident. The patient, who may repeat the history of his 
accident, now complains of a number of troubles referred to his eyes. It may 
be noticed that while I have been speaking a tic has appeared on the left side, 
of his face, especially about the eyes. When we come to examine the eyes we 
find the disturbance to be purely functional, the pupillary reactions and the 
ophthalmoscopic conditions to be normal. Here is the reason I present this 
case: Both visual fields are very much contracted concentrically. Patients in 
whom the visual field is contracted to such a degree in consequence of retinal 
diseases are scarcely able to go about alone, but it is characteristic of this func- 
tional contraction of the field that the orientation does not suffer. This con- 
centric contraction of the visual field is the commonest functional disturbance of 
the eye. It may be unilateral, or bilateral. 

It is also of diagnostic interest to know that there are certain relations be- 
tween the concentric contraction of the visual field and the disturbances in the 
sensibility of the skin, especially in hysteria. As a rule, it is met with in those 
cases of hysteria that have cutaneous anaesthesias, such as are present in this 
patient. The question arises whether these symptoms are not those of aggrava- 
tion and simulation, and in fact, it is not alwaj^s easy to distinguish between an 
exaggeration and the existence of a neurosis caused by an accident, but there 
is no doubt that this concentric contraction of the visual field is a frequent oc- 
currence in traumatic neuroses. In such cases we test the visual field at different 
distances. Under certain circumstances we are able to determine, by following 
the directions given by Schmidt-Rimpler^ whether the contraction is simulated. 
If the visual field remains of the same size at different distances and the vision 
of the patient is good, the suspicion of aggravation naturally arises, but we 
must be careful about such suspicions in hysteria, for the suggestibility of the 
patient must certainly be taken into account. 

Another form of disturbance of the visual field that is met with in traumatic 
neuroses is Foerster^s displacement type. This phenomenon depends on the fact 
that the appearance of an object on the perimeter exerts a greater stimulation 
than its disappearance. For example, if we move the object on the perimeter 
from the temporal side toward the centre, the patient perceives it at 90*, and 
then, if it is moved slowly beyond the centre, it disapp^a^. at.SO^ on the nasal 
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side, while it should be seen as far as 60° or 60°. If we then reverse the pro- 
.cedure and start in the nasal portion of the field the object is perceived at 50°, 
but disappears on the temporal side at 60% although in the first lest it was seen 
at 90°. The importance of thus testing the visual field in all cases of traumatic 
neurosis is considerable, though it should not be overestimated. The behavior 
of the visual field should be taken into account before passing judgment on such 
cases. Occasionally we meet with other ocular symptoms liesides the concentric 
contraction of the visual field in cases of traumatic neurosis. The patients fre- 
quently complain of great photophobia, dazzling, lacrymation and blepharo- 
spasm, as well as of light phenomena, such as fluttering, fiery balls and muscie 
volitantes. Many forms of visual disturbance may also be present without any 
objective condition to furnish an explanation. Thus objects may gradually 
disappear, weariness may come on rapidly, or there may be amblyopia, which 
may even increase to hysterical amaurosis. An amblyopia or amaurosis is 
usually associated with a hemianiesthesia of the same side. In this connection 
it may be mentioned that n transient concentric contraction of the visual field 
with impairment of the central vision, may be observed in many epileptics 
immediately after a fit. Marked symptoms of paresis and contracture of the 
ocular muscles may also be observed in hysteria. These neuroses due to acci- 
. dents may occur after injuries of the body, as well as after slight, or severe 
injuries of the eyes. 



99. Introduction to the Judicial Medical Opinion in Injuries of 
ihe Eye 

Every phj'sician in Germany is likely to be called upon to form a judicial 
.opinion on the earning power of a workman whose eye has been injured. I 
admit that an eye clinic is not the proper place in which to study social legisla- 
tion and the details of accident insurance, but, as I am well aware of the help- 
lessness a physician is apt to feel when he is required to form an estimate of 
the compensation due the victim of an accident, I am accustomed to give my 
students some advice and practical suggestions in regard to this matter and 
to reason out with tliem the proper indemnity in such suitable cases as we 
happen to meet with. A few introductory remarks may not be out of place. 

As death is practically not to be taken into account, because other lesions 
are met with in fatal injuries, the purpose of the accident insurance law, in so 
far as it affects workmen whose eyes have been injured, may Ik; thus stated: 

The expenses of treatment shall be borne from the beginning of the four- 
teenth week, and an income shall be furnished the injured person for the period 
of his incapacity to work. This income is 66^7" of the yearly wage for total 
disability, or ii fraction of that amount for partial disability. 

Every accident must be reported by the man in charge of the work to the 
local police board, stating the nature of the accident, the residence of the person 
injured, etc. The executive organs of the accident Insurance law are the mutual 
trade associations (Bcrufsgenossenschaften). Appeal from the decision of 
the mutual trade association may be made to the arbitration board (Schieds- 
gericht), and from the latter to the Imperial Insurance Office (Rcichsver- 
sicherungsamt). 

The duty of the physician in the carrying out of the accident law is two- 
fold: both medical and medicolegal. If he is to be efficient he must have an 
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accurate knowledge of the accident insurance law. He must know what an 
occupational accident is, and what disability, or loss of earning power, is in 
the meaning of the law. He must of course oversee and govern the treatment, 
and must, finally, be able to draft a professional opinion. 

An ophthalmological opinion is constructed systematically, the same as 
any other. It contains: 1, an introduction concerning its motive and purpase; 
2, a short recapitulation of the treatment thus far, or a review of the accident 
based on the accompanying legal papers; 3, the subjective statement and dis- 
orders of the person injured, or the report of his relatives; 4, the objective 
conditions found on examination; 5, the diagnosis; 6, the opinion proper con- 
cerning the connection of the clinical symptoms with the accident and concern- 
ing the eflFect of the consequences of the accident upon the eurning power; 
7, the prognosis. This entire apparatus of the accident insurance law, from 
the first report of the injury to the final act, is to serve a great, noble 
and humane purpose — the accident indemnity. 

The purpose of our legislation is that the loss of earning power, which 
exists from the beginning of the fourteenth week after an accident, shall be 
compensated for by an income. The injured person receives this indemnity 
.not for the injury as such, but only for the diminution of his earning power 
occasioned by an accident incurred in obtaining his livelihood. When a work- 
man suffers an injury to his eye which partially impairs his earning power, this 
loss of earning power has to be estimated. By whom is this estimate to be 
niade.^ It would seem at first as though this should be the duty of the employer, 
or of an expert in the trade, for one would think he would be able to 
decide most surely what the injured person can do and what he cannot. Such 
a tribunal should also have a medical certificate giving an accurate statement 
of the pathological changes that have taken place. But the laity are not 
always able to determine what degree of earning power is present, even with 
the aid of an excellent medical certificate. The development of the practice 
of accident insurance proved this very quickly. 

It is not the expert, or the judicial court, that is called upon first for an 
estimate of the degree of loss of earning power, but the physician. In his 
formal opinion the physician sliould give not only an accurate description of 
the morbid changes, but also an estimate in percentage of the loss of earning 
power suffered by the person injured. He does not make the award, he is 
not the final authority, but the award is based on his estimate. It may be 
questioned whether a physician is in a position to be able to judge the earning 
power a man retains in his particular calling after his eye has been injured, 
and this question has called forth very different answers. Some ophthalmolo- 
gists maintain that a physician is absolutely unable to estimate the influence 
a bodily injury exerts upon the earning power. It must be admitted that, 
in view of the immense complexity of the affairs of life and the great multi- 
plicity of vocations, he is often unable to obtain any proper conception of the 
conditions under which this or that work must be performed. It is impossible 
that he should know all the details of all departments of labor. 

We, as ophthalmologists, can only determine primarily the working capacity 
of the eye through a comparison of its functions with those of a normal one; 
but the comparison of the working capacity of the injured eye with the normal 
gives no definite information in regard to the earning power of the injured 
person. Many factors enter into the very complicated conception of the earn- 
ing power, a few of which are: 1, the demands made by the various forms of 
labor upon the eye; 2, the age of the person injured; 3, the estimate placed 
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upon the working capacity of the employee by his employer ; 4, the competitive 
ability of the workman; 5, the condition of the labor market. It is not »ii 
easy task for a physician to estimate the loss of earning power, and it can 
be readily understood why a large number of physicians wish that tlicir estimates 
might be made optional. The diametrically opposite view is also held. Some 
ophthalmologistB, and other medical scholars as well, look upon this duty as a 
very easy one. Ophthalmology possesses the most exact methods of examinii- 
tion. We can test the vision, determine the refraction, investigate the visual 
field and ascertain the binocular perception of depth; therefore it is believed 
that the ophthalmologist is the person best fitted to estimate the degree of 
the loss of earning power caused by the results of an accidejit, and that he 
can do it more easily and with greater certainly than anyone else. This opin- 
ion has been stated in the following words: "No branch of medical science can 
express in figures the occupational disturbance produced with greater 
accuracy than ophthalmology." {Mooren.) Mathematical fomiuln? have been 
devised for the purpose of making it possible to obtain an extremely accurate 
ealculation of tlic accident indemnity that should he awarded in every opbthal- 
niological case. Furthermore it has been proposed that ophthalmologists should 
systematically ascertain what degree of visual acuteness, of visual field and 
of stereoscopic vision is necessary for each particular form of labor and of 
occupation. Such a suggestion is practicable only to a slight extent, for, to 
carry it out, the physician himself must possess the technical skill to perform 
the most various kinds of labor. 

As in many other things the middle road is the best. The physician cannot 
determine positively what portion of the earning power may be supposed to 
be still present with a certain ocular impairment, nor can the experts and 
mutual trade associations say with absolute certainty what earning power is 
still possible after the functional test has been ascertainecl. The two must 
work hand in band. The duty of deciding concerning the award of an in- 
demnity falls primarily upon the physician. Whether wc accentuate tlie diffi- 
culties in the way of forming an opinion or not, the departmental boards 
rightfully demand from the physician a percentage estimate, for the physician 
is the first expert to testify. We can also comply with the demand, but we must 
always be conscious that we can make only approximate, not absolute, estimates. 

We have at our disposal four methods by means of which to estimate in 
practice the earning power of a man whose eye has been injured. 



/. The Stibjecth-e Eitmate 

Immediately after the enactment of the accident insurance law physicians 
were obliged to estimate the loss of earning power gn a purely subjective man- 
ner, because no fixed data were to be obtained, and even in recent times, under 
the motto "individualization not schematization," many ophthalmologists have 
maintained that a greater scope should be allowed to subjective estimates. The 
injustice that has resulted, and still results, from such estimates is shown by 
this letter from a workman, in which it is stated that he lost an eye, that the 
physician who passed upon his case refused any indemnity because he con- 
tinues to perform the same work in the factory as before, and that near biin 
works a recently employed comrade who has likewise lost an eye, but receives 
SSi% indemnity. What an inflammable mass of anger and resentment may 
thus be accumulated ! 

It is [wrfcctly true, as has been shown by statistics, that different workmen 
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may have their earning powers impaired to very diflFerent degrees by similar 
accidental injuries. Ammon found fluctuations in this respect that ranged 
from to 30% among peraons having only one eye. Yet it cannot be empha- 
sized too strongly that the victim of an accident should be made secure against 
the most unfavorable possibility of his condition. The physician cannot 
prophesy what consequences the accident may produce through changes in the 
conditions of labor. We cannot succeed without fixed standards and average 
values, and so we find that the subjective method is inadmissible in the formal 
appraisal of injuries of the eye. To administer justice we need fixed average 
values, so arranged that full credit may be given in each individual case. The 
question is how to find these standards and average values. 

Z. Calctdation of the Earning Power by Mathematical Formula 

A number of proposals have been made (Zehender, Magnus^ Heddcsue^ 
Berry^ Becker^ Szulislawski^ Kazaurow) to obtain a positive expression of the 
relation between an injury of the eye and the resultant loss of earning power by 
means of mathematical formulae, but every attempt to do this is frustrated by 
the complexity of practical life. The impairment of the earning power of an 
injured person cannot be calculated by mathematics alone, the only estimate 
possible is approximate. 

3. The Casuistical Method 

It would seem as though the best way would be to collate a large amount 
of statistical material concerning the harm that really has resulted from acci- 
dents to the eyes. Many ophthalmologists believed that a sure measure for 
our estimates would be furnished us as soon as the collation of an adequate 
number of individual cases had thrown light upon the actual working capacity 
of eyes that had been injured. It was therefore determined statistically how 
much the workmen, whose eyes had been injured, earned prior to the accident, 
how much immediately after the injury, and how much at a later period. These 
statistics demonstrated that exactly the same injury and functional disturb- 
ance caused a considerable loss in wages to one workman, but not to another. 
The natural corollary of this fact is that the wage earned after the accident 
is not alone sufficient for a basis from which to estimate the wage earning power. 
How can an exact percentage calculation of the loss of earning power be 
guaranteed from statistics that show that after a certain serious injury of the 
eye, one workman perhaps continues to work for the same wages for a long 
time and then has to quit, that a second works on in the same place at a reduced 
wage, that a third changes his occupation, and that a fourth goes elsewhere 
and earns more than he did before the accident? Every ophthalmologist who 
has had anything to do with the national economy, who has himself considered 
the immense multiplicity of vocations in the business world, knows that factors 
enter into amount of wages paid, which vary continually and vitiate the 
calculation. 

The social legislation itself has shown us the way out of these many diffi- 
culties. It takes no account of the fact that a workman may receive the same 
wages for a long time in spite of the accident, it aims to insure him in case 
he can no longer earn so much. A just indemnity indemnifies the person in- 
jured for the possible consequences of the accident ; therefore it is now generally 
acknowledged that there is only one way in which we can obtain a satisfactory 
percentage estimate of the loss of earning power incurred through injuries 
to the eyes. 
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^. Estimate of the Loss of Earning Power after Injuries to the Eyes 

Based on the Loss of One Eye 

We must start from the legally recognized principal types of injuries to 
the eyes, and try to determine in how far the earning power has been reduced. 
This duty is facilitated by the fact that the sound man is provided with two 
eyes. What is the earning power when one of them is lost? Monopsia produced 
by accident must be the starting point for the physician who has to formulate 
an opinion and must be the basis of his estimate. Granted an agreement con- 
cerning the wage loss after such an accident the other possibilities are more 
easily estimated. 

100. The Judicial Opinion in a Case in Which an Eye Has Been 

Lost, and the Importance of the Artificial Eye 

Our duty today is to pass upon a patient who has lost an eye as the result 
of an injury. Such a case as this forms the basis of all our estimates of 
the loss of earning power incident upon injuries of the eye, and therefore we 
must consider what w^e have to investigate, in order that we may decide most 
conscientiously how much the earning power of such an individual has been 
diminished. 

The first step is to test the vision of the remaining eye; the vision of the 
right eye of this patient is to be recorded as perfectly normal. Now we must 
know to what degree a person with only one eye, that one having normal vision, 
IS at a disadvantage in competition with other men who have two normal eyes, 
if we wish to estimate the diminution of his earning power. 

Investigations have shown that the monocular central vision is, in the first 
place somewhat less than the binocular, and in the second place, that, after the 
loss of one eye, the optical pictures have lost something of their clearness. This 
may be sufficient to render a person with only. one eye unfit for certain callings, 
such as the railroad service. Moreover, a person with only one eye has lost a 
sixth of his visual field, or perhaps more, if the eye is deeply seated and the 
bridge of the nose i& high, and this may be of importance in many fields of 
labor, as, for example, on scaffolds, or among the wheels of a machine, but the 
most grievous trouble of the person who has lost an eye is the loss of binocular 
vision. 

This brings us to the second point, which should never be omitted in an 
examination of a patient whose eye has been injured; the test of the binocular 
vision. We shall consider the great importance of the binocular act of vision 
from a scientific standpoint in our studies of strabismus, but now I ask that 
each student convince himself practically, by the occlusion of one eye, what the 
loss of an eye signifies to the stereoscopic vision of our patient. Then only can 
such cases be rightly appreciated. 

We use in practice to test the binocular vision Hering*s experiment with 
falling bodies and the beautiful rod test. Pfalz has devised a stereoscoptometer 
which furnishes us at the same time with numerical data concerning the degree 
of disturbance. Such a patient as this has lost the power of judging pro- 
portionate sizes, of estimating distances and the finer perceptions of depth. 
This one complains that when he is trying to drive a nail he frequently fails to 
strike it. The loss of binocular vision is of great importance in many trades, 
as in mining, in 'factories and in the fine mechanical arts, and must be taken into 
serious account. 



LOSS OF EARNING POWER WITH ONE EYE 39S 

It has been claimed that a person with one eye becomes accustomed to the 
monopsia, learns to overcome his trouble to a certain extent and acquires a 
monocular perception of depth, but we must make a distinction in this regard 
between persons who lost an eye in early childhood and those who suddenly 
suiFered this loss in later life. The former, when they have intelligence and 
inclination, can, in fact, partially compensate for the loss of the binocular 
perception of depth; they learn to judge distances and the relations of depth 
and size with approximate correctness, through a refined and expert muscle 
and innervation sense of the one eye. It is much more difficult for older persons 
who have lost an eye to attain this power. Some ophthalmologists have ob- 
served a partial return of the power of estimating depth in the course of the 
first year after the injury, but this has not been observed by others. The in- 
stantaneous estimate of depth is, at all events, permanently lost, though habitua- 
tion may go so far, through practice and the development of the muscle sense, 
that the absence of binocular vision may not be a disturbing factor in many 
trades. Nevertheless, persons with only one eye are permanently excluded 
from callings that make high demands on stereoscopic vision. I do not advocate 
a diminution of the indemnity when a certain training and habituation has been 
attained, because the reduction could be for only an insignificant amount and 
would serve simply to exasperate the victim. 

Persons who have lost an eye complain that they are often obliged to change 
their occupations, to exchange a position that brings them a good wage for 
one that pays less. Not infrequently they are discharged by their employers 
as unfit for the work they formerly performed. Others are unwilling to expose 
the remaining eye to the danger of injury. In many cases the change of occu- 
pation must be considered justified, and this must be taken into account 
in the indemnity. Furthermore, we must not forget that a person with 
only one eye has less ability to compete in the labor market. We often 
hear complaints that such unfortunates can find no work, that employers do 
not, frequently cannot, employ them, because they think such employees will 
be exposed to danger. Other employers hire them for only a small wage. 
Finally it should be mentioned that many people with only one eye complain of 
a lack of endurance while working, that they quickly become tired. 

With a knowledge of these facts the first thought is that if this person had 
perfect earning power with two normal eyes he will have lost one half of his 
earning power with the loss of an eye and is entitled to an indemnity of 50%. 
Such an estimate was made repeatedly by ophthalmologists just after the en- 
actment of the accident insurance law, but it was soon perceived that such an 
award involved great injustice. In order to determine how much earning power 
the individual who had been deprived of an eye had really lost, statistics were 
collated showing how much those who remained in the same occupation were 
still able to earn at a later period. These statistics showed, for example among 
miners, that half of them continued to receive the same wage as before the 
injury. To pay them an indemnity of 60% was unjust. Other statistics 
showed a loss in wages of only from 7 to 15% of the normal. But it must 
be clear to every intelligent person that the wage paid is not a reliable measure 
of the actual earning power, because wages depend on many fluctuating factors, 
such as the condition of the labor market. The purpose of the social legislation 
is to assure the one eyed workman an income that will secure him against the 
worst possibilities, hence the decision of the Imperial Insurance Office is as 
follows : 

When required to pass upon a person whose eye has been injured we have 



H9* 



AHTIFKIAL EYE 



first to inquire whether he is a qualified workman or not. By qualified workmen 
we understand, according to tlie instructions of the Imperial Insurance Office, 
such as either need particularly accurate binocular vision from the nature of 
their occupation, or are exposed in their work to dangers for the avoidance 
of which unrestricted vision is necessary. The Imperial Insurance Office has 
fixed the indemnity for the loss of an eye at 35% for the unqualified workman, 
and at from 30 to 35% for the qualified. Physicians must abide by this decision, 
which is in harmony with the results obtained by the researches of many oph- 
thalmologists in recent times. With regard to the question whether habituation 
may justify a reduction of the indemnity I will say again that this award is 
not excessive. This habituation is very questionable, for it can never replace 
much that has been lost. Many trades continually require accurate estimates 
of distances, dimensions of deptli and conditions of level, among which may be 
mentioned carpenters, smiths, machinists, molders, miners, mechanicians and 
chemists. Above all the conditions of labor may change any day, for the one 
eyed workman, and many trades are closed against him. The general welfare 
is the only object of the social legislation. 

When we discharge a patient, after the removal of his eye, we furnish him 
with a suitable prothesjs. 

Healing usually takes place rapidly and smoothly after an enucleation. At 
first there is a slight swelling of the conjunctiva which is maintained by 
hemorrliages in the orbit. We remove the sutures on tlie fourth, or fifth, day, 
wash out the conjunctival sac frequently with a solution of boric acid and try to 
insert the prothesis at the end of a week or ten days. 

After an exenteration of a suppurating eyeball there is usually an inflam- 
matory swelling of the lids and a great chemosis of the conjunctiva, which 
may persist for days, or even weeks. Ordinarily the conjunctival secretion is 
Increased. It also takes some time for the sclera to become folded together into 
a stump and for the blood, which sometimes accumulates in its cavity, to be- 
come organized, so that several weeks usually elapse after an exenteration 
before the prothesis can be inserted. The disadvantage that the healing is 
delayed after an exenteration is compensated for, as a rule, by the fact that the 
prothesis moves better in association with the movements of the good eye, and 
so the cosmetic effect is improved. The better mobility is due to the fact that 
the prothesis rests on a stump to which the muscles are still attached. Still. 
enough can be done for the cosmetic need after an enucleation. Of course it 
is necessary that the conjunctiva be dissected up close to the margin of the 
cornea at the time of operation, so as to save as much of it as possible. 

A prothesis is primarily worn for cosmetic reasons. It is only right that 
such patients should have their disfigurement obviated as much as possible, 
but there are other reasons that not only justify, but compel the wearing of an 
artificial eye. Workmen w(l,h artificial eyes can obtain positions more easily 
than those who display an ocophthalmoti. More than that the wearing of the 
prothesis must he regarded as a direct therapeutic measure. When the con- 
junctival sac remains empty and exposed to the air a chronic state of irritation 
becomes developed in a short time, together with more or less secretion. Not 
only is such a conjunctival catarrh very annoying, but the secretion may infect 
and endanger the conjunctiva of the other eye, as it can be transferred very 
readily by the hands, or by handkerchiefs, or during sleep. The prothesis 
forms an efficient protection of the orbit from the effects of air and dust, and 
is therefore of therapeutic importance. 

If no prothesis is worn after an eye has been enucleated the conjunctivi-. 
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shrinks considerably. When a child neglects to wear the prothesis the growth 
of the orbit and the development of the side of the face may be retarded. The 
artificial eye must be neither too large, nor too small, and must correspond well 
in color and size of pupil to the other eye. Rights and lefts are furnished. 
After the prothesis has been chosen a few hints should be given the patient, 
who will quickly learn to insert it himself. It should be removed during the 
evening and placed in clean water for the night. Even the best prothesis be- 
comes useless in time, because the tears gradually roughen the surface of the 
glass. Artificial eyes need to be renewed on the average every year or two. 
The best ones are the **reform'* eyes. 



101. Judicial Expression of the Diminution of the Earning Power by 
Reduction of the Central Vision of One Eye and by Monolateral 
Aphakia 

We began with the simplest case in which a medical opinion is called for: 
total loss of one eye with preservation of the other in a healthy condition. The 
Imperial Insurance Ofiice has established in such cases an indemnity of 3S^9f 
for qualified workmen, of 25% for the unqualified. We have also to furnish 
estimates when an injured eye is not lost, but its vision has been partially de- 
stroyed. Such cases are very common and are exemplifie<l by these two patients. 

In our first patient we find that one eye is normal, while in front of the 
pupil of the other, occupying the central portion of the cornea, is a roundish, 
old opacity, of aponeurotic whiteness, which was caused by a traumatic ulcer. 
The opacity is pretty sharply circumscribed in this case, it does not completely 
cover the pupil, and the eye still has a vision of 0.1 of the normal. 

In our second patient the lens was injured by a sharp instrument through 
a small, peripheral wound in the cornea. He developed a traumatic cataract, 
which was removed by operation. The vision of the uninjured eye is perfect, 
that of the aphakic eye is less than 0.1 of the normal without a glass, but 
more than half the normal with the proper correcting lens. 

An accident indemnity is to be awarded to each patient, and the question 
is how to estimate the diminution of the earning power. I have intentionally 
presented these two cases together, because, whenever it is necessary to furnish 
an estimate of the diminution of the earning power in only partial impairment 
of the vision of one eye, the cases fall practically into two groups, one group 
comprising those m which the central vision is reduced, while the lens and the 
mechanism of accommodation is preserved; the other, those of monolateral 
■aphakia caused by accident. 

The central vision of one eye may be impaired by opacities in the cornea, 
or the other refractive media, of traumatic origin, or perhaps by such condi- 
tions as traumatic dilatation of the pupil, retinal hemorrhage in the region of 
the macula, or rupture of the chorioid, after a slight, or a severe contusion. All 
such impairments of the central vision may reduce the earning power in many 
•deferent trades, and the question arises : What relation does the reduction of the 
earning power bear to the impairment of the central vision ? Originally it was 
thought that this relation was directly proportional, and that it could be ex- 
pressed by mathematical formulae. This was an error. Tlie earning power of 
persons who have one good eye and one with only a portion of its central vision 
•does not decrease in practical life proportionately with the vision. There are 
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certain callings which make great demands on the two eyes, in which the func- 
tion of the good eye is interfered with by the functionating of the injured one, 
as in the railroad service, or the navy. In most trades the necessary work can 
be done with less than full, scientific vision. On the other hand, a man may be 
very far from being blind and yet may be totally incapacitated for work. 

These facts have given rise to the concept of the working vision, the upper 
and lower limits of which are narrower than those of scientific vision. These 
limits we have to determine, but generally they cannot be calculated mathe- 
matically. 

We understand as the upper limit of the working vision that portion of the 
scientific vision which is sufficient for the undisturbed and perfect performance 
of the work. The lower limit is that degree of scientific vision at which the work 
cannot be performed. It is evident that these limits must vary a great deal in 
the different trades. A laborer who does only coarse work, like tilling the soil, 
can do his work with a vision that is not sufficient for a fine mechanician. All 
manner of attempts have been made to ascertain these limits of working vision 
for the different trades, but the influential factors are so manifold, and often so 
confusing, that no mathematical formulas can be established either for the trade 
or for the individual. 

In a manner corresponding to the division of laborers by the Imperial Insur- 
ance Office into qualified and unqualified workmen, we divide the trades into two 
groups, for practical reasons; those which make higher, and those that make 
lower optical demands on the workmen. We take as the upper limit of the work- 
ing vision i of the normal in trades that make great demands on the eyes, ^ the 
normal in those that make less demand. The lower limit is ^ of the normal in 
the former, y^ in the latter. 

An example will show that no simple proportion exists between the lowering 
of the working vision and the decrease of earning power. Suppose that a man 
who has lost an eye, like one of our former patients, is employed in labor that 
makes high optical demands ; a slight injury to the remaining eye will suddenly 
incapacitate him for doing the finer work. It happens very often that the earn- 
ing power does not sink uniformly with the reduction of the working vision, but 
gives way suddenly. 

In the overwhelming majority of cases, impaired vision in one eye with nor- 
mal vision in the other diminishes the earning power only when the stereoscopic 
vision is destroyed. Investigations have shown that, when the refraction of the 
two eyes is the same and their position normal, binocular vision and perception 
of depth are still present when the vision is reduced to ^ of the normal, fre- 
quently when it is still less. Our first patient has good perception of depth, and 
it might be thought at first that a patient with one normal eye and binocular 
perception of depth has not suffered any material loss of his earning power in 
spite of the impaired vision of the other eye, but it would be wrong to refuse him 
an indemnity, because, while the preservation of the binocular vision is the first, 
it is not the only factor that enters into our computation. In fact many other 
troubles have to be taken into account in a monolateral impairment of the central 
vision. The irregular refraction produced by the ill defined margins of corneal 
maculae and of opacities of the other media may cause a considerable degree of 
dazzling. Cicatrices in the cornea produce irregular astigmatism, with its 
troubles. The pupils may be altered in form and size by traumatic mydriasis, 
leucoma adhaerens, or coloboma. We must also bear in mind that the person 
injured must work under conditions that are quite different from those of our 
ordinary visual tests. Hence an indemnity must be granted. 
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An indemnitv of 10% is awarded for a reduction of the visioii to between ^ 
and \ in qualified workmen, to between \ and -^ in unqualifi«L Whether the 
indemnity may be discontinued after one or more years must be decided in each 
case. Tliis depends on whether a real improvement has taken place and on 
whether the person has demonstrably lost nothing of his earning power. If the 
vision of the injured eye is less than -f^ the indemnity may be raised to 15 or 
520%, because the condition now approximates that of blindness, and only the 
binocular field of vision is of use. When fingers can be seen only at a short dis- 
tance we look upon the eye as practically blind. 

When we have to deal with monolateral aphakia, as in our second patient, we 
have to base our judgment in part on altogether different grounds. This man 
likewise has an impairment of the central vision of one eye, which certainly 
seems to be obviated by the cataract glass. He tells us, however, that he cannot 
wear the glass ; with the best will in the world he cannot work with it on, for rea- 
sons that were given in detail in the study of monolateral aphakia after cataract 
operations. 

The loss of the fine, binocular perception of depth is of quite serious conse- 
quence to the p)erson who has lost the lens of one eye. Even when the central 
vision is raised to normal by the correcting lens the binocular perception of depth 
is lost, or is extremely faulty. The great difference in the refraction of the two 
eyes in monolateral aphakia abrogates the certainty of the binocular estimate of 
depth. Much more so is this the case when the eye is strabismic, as often happens. 
The difference is remarkable when this case is compared with the other, in which 
the vision is impaired, but the eye still contains the lens. It may happen that a 
person with monolateral aphakia may gradually become habituated to the con- 
dition and acquire a monocular estimate of depth, but this is to be expected only 
in young and intelligent persons. A workman with monolateral aphakia is use- 
less in trades that call for accurate and binocular perception of depth. 

The loss of the power of accommodation must also be taken into account in 
calculating the indemnity in these cases. Persons whose central vision is mod- 
erately reduced, as by opacities in the media, can often continue to use their eyes 
for near work, while those with monocular aphakia are again at a disadvantage, 
they must constantly change their glasses as they wish to see objects at a dis- 
tance, or near at hand. Finally, it is not at all uncommon for these people to 
complain of an annoying dazzling due to the indistinctness of the optic images,, 
especially when the form of the pupil has been changed. It is for this reason 
that they often cover the eye with an opaque glass, or a patch. 

For these reasons it is just that a person who has been rendered aphakic in 
one eye by an injury should receive an accident indemnity. We maintain that 
the award should be more than for a simple impairment of vision in one eye,, 
because the condition of the patient is often worse, and generally place it at 15 
to S0%. This indemnity is to be awarded even when good vision is obtained with 
a cataract glass, either primarily, or after an operation for secondary cataract. 



1Q2. Judicial Opinion when the Vision of Both Eyes has been Im- 
paired by an Injury and when Other Complications are Present 

Thus far we have been studying some of the basal types of injuries of the eye 
on which medical opinions have to be rendered. It is rather more difficult to 
estimate the indemnity when the vision of both eyes has been impaired, no matter- 
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whether the two eyes were injured simultaneously, whether an interval elapsed 
between the two injuries, or the uninjured eye exhibits an imperfection of vision 
that is independent of the accident. Our judgment may be influenced also by 
other complications. 

Case 1. — This patient lost an eye some years ago from an ulcus serpens, 
and has now been attacked by an ulcus serpens in his other eye, an occurrence 
"that is not altogether rare. The ulcer has been brought to a stiindstill and the 
eye still possesses 0.2 of normal vision. The patient has been receiving S5% 
indemnitv for the loss of one eve and the question for us to decide is how high 
to estimate now the loss of his earning power. 

Case 9. — Both eyes of this patient were injured in a premature explosion 
in a quarry. Many grains of powder are to be seen cncapsuled in the skin, con- 
junctiva and sclera. The essential cause of the reduction of vision is the presence 
of dense opacities of the corueie. The vision of the right eye is 0,1, that of the 
left 0.3 of the normal. What accident indemnity should this patient receive? 

Case 3. — The vision of this patient's left eye has been very bad ever since 
he can remember; the eye diverges and exhibits minute maculie, mementos of in- 
'flanmiations during childhood. In an accident his right cornea was perforated 
and R traumatic cataract produced. The wound healed asepticaJly and the 
traumatic cataract has been removed by operation. With a cataract glass the 
■vision of the injured eye is now i of the normal. How much is the earning power 
reduced in this case? 

Every possible combination may be met with in these cases. On the whole 
at is rare that both eyes are injured simultaneously in an accident; such an occur- 
rence is met with only in explosions (Case 2), shot wounds and accidents with 
chemicals. It is also comparatively rare that one eye is injured in an accident 
and, at a later period, the other eye suffers in the same manner. In the majority 
of cases in which the vision of both eyes is found to be imperfect after an acci- 
ident, that of one was impaired previously to and independently of the accident. 
All possible factors come into consideration in the impairment of the central 
Ti.^ion of boTh eyes. We must take cognizance of the refraction, of any strabis- 
mus that may be present, of anisometropia, etc. We must know under what con- 
-ditions of light the injured person has to work, and we must take into account 
the troubles caused by the dazzling and obscuration produced by corneal 
opacities, as well as tliose due to irritative conditions. Experience has shown 
that it is difficult for physicians to express themselves within the given limits, 
M'hen passing upon cases with impaired vision of both eyes. 

The task is easiest wben the second eye has been injured subsequently to the 
iois, or blinding of the first. In such a case the indemnity must be between that 
for monopsia and 100%. It is more difficult when both eyes have been equally, 
iOr unequally, injured by an accident (Case 2), and the diminution of the earning 
power demands quite a deliberation when one eye was not good before the acci- 
dent, as in our third case. A workman has very often had one or both eyes im- 
paired before an accident. Think of the cases of corneal opacity that remain 
from childhood. People wijh such opacities frequently work just as well as 
others whose eyes are perfectly healthy, and I ad\'ise that, in such cases, the 
decision as to the working capacity be not based on a presumed impairment 
of the vision, but rather to consider an eye to have been perfectly normal, wben 
there is doubt as to whether It was normal or not before the accident. To deter- 
mine in how far the tmpainnent of the eyes before the accident influences the 
.estimate of the indemnity we can start from the fact that the indemnity in a case 
of total incapacity is 66J % ( full compensation ) of the yearly wage for as long 
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a period as the disability lasts. If the incapacity to work is partial, the indem- 
nity should be such a part of the full compensation as corresponds to the loss of 
earning power. The condition of the injured person before the accident must 
be compared with his condition afterward, and we have to ascertain what part 
of his individual earning power has been lost through the accident. If his earn- 
ing power, as compared with that of a sound workman, has suffered a certain 
percentage of impairment, say by monopsia, the annuity he is receiving cannot 
be lessened. A deficient workman commands a smaller yearly wage, the full 
compensation is computed on the wage received at the time of the accident, and 
the indemnity to be awarded corresponds to the diminished wage incident upon 
the lessened earning power. If a person with monopsia loses his only remaining 
eye he loses 100% of the earning power he retained after the loss of the first, 
although this is less than it was originally. Various tables have been computed 
to serve as guides in fixing the indemnity in any particular case. I recommend 
the empirically constructed tariff of Maschke for unqualified workmen. It serves 
for trades in which high optical demands are not made and is based altogether on 
tlie impairment of the central vision. It is very useful in practice, and we will 
determine by it the approximate indemnity in each of our cases. 

Tariff of Indemnities according to Maschke. 
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[The apostrophes following the figures indicate that this number is a mean 
T^ue between the adjacent numbers, which may be increased a little in accord- 
ance with other conditions.] 

Case 1. — ^Right eye, amaurosis. 

Left eye, vision \. Indemnity approximates 80%. 
Case 8.-^Right eye, vision ^. 

Left eye, vision J. Indemnity 35%. 
Case 3. — Right eye, vision with cataract glass i. 

Left eye, high degree of amblyopia, vision 0. Indemnity 65 to 76%. 



400 COMPLICATIONS 

Many associated symptoms need to be considered if we are to form a cor- 
rect opinion as to the effect of an injury of an eye upon the earning power. Very 
often the injured eye remains irritable for a long time. This is particularly 
annoying to workmen who are obliged to labor in the open air, in heat and dust, 
in the sunshine, by open fires and in the wind. Such eyes are very sensitive and 
apt to suffer from photophobia, increased lacrymal secretion, pain and other 
troubles. The causes of this irritability are manifold. A conjunctival hyper- 
emia persists for a long time after burns ; cicatricial contractions, symblepharon, 
trichiasis and entropion may increase the hyperaemia to a true catarrh. Not in- 
frequently inflammations of the lacrymal sac coexist. Sometimes an artificial 
eye cannot be worn at first, in spite of the patient's desire to wear it, and the 
catarrh of the orbit infects the other eye. Other patients, who have adherent 
cicatrices, or wounds in the region of the ciliary body, complain at times of pain. 

The dazzling produced by opacities in the refractive media, or by dilatations 
of the pupil, frequently deserves an accident indemnity more than the actual 
impairment of the vision. Benefit may often be obtained by tattooing translucent 
maculae of the cornea, so as to obviate the dazzling and to improve the vision by 
making the edges of the opacity more sharply defined. 

All irritative conditions justify an increase of the indemnity 6 or 10%, even 
though but temporarily, for such persons must frequently abbreviate their hours 
of labor. The examination needs to be carefully made in such cases, for many 
patients exaggerate their troubles. Disturbances of the color sense and of the 
light sense are of less importance in injuries of the eyes. A reduction of the 
color sense alone can scarcely come up for consideration, and when the light sense 
is impaired it is usually because of serious changes withinr tifnc^^ of the retina 
and chorioid, in which case the disturbance of the central and peripheral vision 
is the essential factor in the estimate of the indemnity. In siderosis bulbi alone 
can a permanent hemeralopia remain after extraction of a spicule of iron. 

Certain disturbances of the visual field and pareses of the ocular muscles 
have also to be taken into account. It has already been stated that the visual 
field is contracted about 30 degrees on the side of the injury whenever an eye is 
lost or rendered blind. This deficiency is negligible in many occupations, but in 
others it is of serious consequence and occasionally must be appraised among 
miners, machinists and railroad employees. Isolated contractions of the visual 
field due to traumatism do not come practically into account. The concentric 
contraction of the field in traumatic neurosis does not interfere with the earning 
power, even when an indemnity is awarded because of the neurosis itself. It 
causes no disturbance of orientation, because it represents only a deficiency in con- 
sciousness. Most contractions of the visual field following injuries are associated 
with an impairment of the vision and therefore call for no separate consideration, 
as regards the indemnity. 

Central scotomata, met with after injuries, whether due to disease of the 
macula or of the optic nerve, are of practical importance, as are also the bilat- 
eral homonymous and heteronymous hemianopsias met with after serious frac- 
tures of the skull. These cases require a careful examination and the services of 
a specialist. 

Pareses of the ocular muscles frequently result from injuries and may 
reduce the earning power. When the levator palpebne superioris is paretic 
and the upper lid hangs down so far as to exclude the eye from the act of vision 
an indemnity is called for, which, under certain circumstances, may be as great 
as for the loss of an eye. When the pupil is not covered the earning power is 
not impaired. The consequences of mydriasis due to paresis of the sphincter 
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are dazzling, indistinctness of the retinal images and, sometimes, impaired vision. 
When the degree is slight I do not recognize any diminution of the earning 
power, yet in certain conditions, in certain kinds of work and when bilateral, it 
may need to be taken into account. In monolateral paresis of the accommoda- 
tion binocular vision may be interfered with, especially when the refraction of 
the two eyes is different and the occupation is one that makes high demands on 
the eyes. In such cases an indemnity may be indicated. 

The troubles due to traumatic pareses of the external muscles of the eye 
are far more important. Such pareses may impair the binocular act of vision, 
and cause diplopia and strabismus, which often reduce the earning power con-^ 
siderably. The paresis of the individual muscles is to be judged differently 
in this respect. Diplopia in the lower part of the field is very annoying in near 
work, while in other callings diplopia on looking upward causes the more trouble. 
The affected eye must often be excluded from the act of vision, and change of 
occupation may be necessary. Every such case must be passed on individually in 
regard to the estimate of the indemnity. 



103. Relations of Injuries of the Eye to Some Infectious Diseases 

Questions concerning the connection between an injury and all possible 
diseases of the eye continually arise, for patients who have had an eye injured 
are apt to refer to the injury all of the ailments that may later afflict that 
organ. 

A case in point is trachoma. It frequently happens in Germany that claims 
for accident insurance are made by persons suffering from trachoma, which is 
known to be an essentially chronic, infectious disease of the conjunctiva, specific 
for human beings, with an active agent in the conjunctival secretion, and the 
question may be formulated thus: In how far is this statement, that trachoma 
may be caused by an accident, justified by the nature and the clinical course of 
the disease.? We have here a patient who states that some time ago dust flew 
into his eyes while he was at work in the field, that prior to that accident his 
eyes were healthy, and that ever since then his right eye has been sore. Ex- 
amination reveals, however, signs of a trachoma that has lasted a long time not 
only in his right eye, but in his left as well. He lives with other field hands, some 
of whom also have trachoma. We know that foreign bodies carry no trachoma 
germs on them. For these reasons we deny the claim to an accident indemnity. 

Another possibility that has been suggested is that trachoma may occasion- 
ally be the indirect consequence of an accident. I am very sceptical in regard to 
this point. I could recognize a causal connection only in a case in which it had 
been determined by a physician immediately after the accident that the injured 
eye was not trachomatous, and the subsequent development of a monolateral 
granulosis rendered the indirect transmission of the disease probable. 

The conditions in our second case are quite different. His trachoma had im- 
proved sufficiently under treatment to enable him to return to work ; he has now 
suffered an injury to the eye and the disease has been rekindled. There is no 
doubt that a trachoma which has been apparently cured may be made worse 
again by an injury, so when this patient files a claim for accident indemnity we 
will support it. The only precondition is the positive proof of the accident. 

Sometimes it happens that recovery from trachoma is rendered difficult and 
is delayed by an accident. Dust or mortar in an eye may aggravate the tra- 



402 



INJURIES OF THE EYE AND TRACHOMA 



chomatous conjunctiva and retard the improvement. The danger of infection is 
also greater when such eyes suffer from perforating wounds, and we often find 
it difficult to perform plastic ofKrations on them. The cornea is particularly 
endangered in trachoma by pannus, which may be aggravated, or rekindled by 
an injury. In such cases the accident must be proven positively, and it must not 
be forgotten that exacerbations and recurrences of trachomatous pannus are of 
daily occurrence, even in the absence of injuries. 

It is quite difficult for a physician, who is called upon to formulate an opin- 
ion, to decide whether a corneal ulcer in a patient who has trachoma is to be 
ascribed to an injury, for in many cases such an ulcer is due to the trachomatous 
infection of the cornea and is the caust of the gravity of the disease. At the 
sanie Hme it is of course quite possible for eyes with trachomatous corneal 
opacities, the vision of which is not good, to suffer from superficial injuries. The 
differentiation is particularly difficult when the claim for indemnity is made by 
the patient a long time after the disease ban run its course. In such cases it is 
important to compare the two eyes to see whether one or several leueomata are 
present, for in this way a diagnosis of greater or less probability can often be 
made. In only about one third of all the trachoma patients who file chii 
indemnity can a causal connection between accident and trachoma be considered 
probable. 

We have rather more data to aid us in the differentiation of trachomatous 
from traumatic ulcers, when ulceration is present in a trachomatous cornea. 
We know that the typical ulcus serpens, which cannot be produced except through 
an injury, is met with very rarely in the trachomatous cornea, in spite of the fact 
that we very often meet with dacryocystitis in trachoma. Evidently the pneu- 
mococci do not obtain a foothold easily in the vascularized cornea. If pneumo- 
eocci are not found in such a fresh ulcer of the cornea, the probability that the 
ulcer is traumatic is not increased, althougi: iLich an etiology is not absolutely 
excluded, for diplobacilli and other agents can produce ulcers of the cornea after 
superficial injuries, t)ut negative bacteriological findings increase the improb- 
ability that the ascribed injury was the cause. Here we have a patient that illus- 
trates the point. This man has a trachomatous pannus in both eyes and a 
horizontal oval ulcer on one cornea, such as is met with in trachoma, which he 
ascribes to an injury: but the time when the accident happened does not har- 
monize well with the development of the ulcer, and the bacteriological condition 
of the latter is negative. We have also some clinical signs, in addition to the 
bacteriological examination, by means of which traumatic and trachomatous 
ulcers of the cornea may be distinguished. It has been observed that the de- 
velopment of vessels from the limhus is much less in traumatic ulcers than it is 
in trachomatous, which are usually accompanied by a subepithelial vasculariza- 
tion. All of these things have to be taken into account when wc are obliged to 
consider the causal relations between trachoma and injuries of the eye. 

We will turn now to other infectious diseases and to their connection with 
injuries of the eye. Tuberculosis demands attention first, as it does everywhere. 
We know from our studies of diseases of the conjunctiva that insignificant lesions 
of that membrane evidently permit ectogenous infection with tubercle bacilli in 
genuine conjunctival tuberculosis. Cases have also been reported in which it 
was demonstrated that tuberculosis of the conjunctiva developed in immediate 
. connection v{Hh injuries and operations for strabismus. The entrance of tubercle 
bacilli may be rendered possible by foreign bodies, especially into the tarcil 
conjunctiva of the upper lid. Primary tuberculosis of the cornea after a super- 
ficial injury is more rare. 
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The relation of the frequent intraocular tuberculosis to injuries has to be 
taken far more into account. The bacilli may be carried directly into the eye by 
a perforating wound and so bring about a clinical picture analogous to those that 
we frequently produce for diagnostic purposes by inoculations in the eyes of 
animals ; but tubercle bacilli may also be carried by the blood from other foci of 
the disease in the body to the eye, and may settle there when the eye has been 
injured by a contusion. We cannot recognize a causal connection with an alleged 
former slight contusion in every case of tuberculous iritis without additional evi- 
dence. The conditions as to time and the entire course of the disease must be 
such as to render an etiological relation probable. I am particularly sceptical 
concerning the frequently alleged connection between traumatism and tuberculous 
interstitial keratitis. We have far better surgical analogies for the etiology of 
tuberculosis of the margin of the orbit, where a traumatism may very easily 
create a locus minoris resistentia;, and prepare the way for an endogenous tuber- 
culosis, and in suitable cases it is evident that an ectogenous tuberculosis of the 
margin of the orbit may be produced. 

After tuberculosis comes syphilis^ a disease which is of considerable im- 
portance, as we have learned while studying diseases of the cornea and of the iris.. 
It has been ascertained in numerous cases of primary affection of the eye, which 
is usually situated on the lids, or brows, less commonly on the conjunctiva, that 
the germs were inoculated through injuries. In how far an injury of the eye 
has any influence upon the appearance and development of syphilitic diseases of 
that organ in cases of general syphilis, whether hereditary or acquired, has not 
yet been sufficiently investigated. The only question of interest in this respect is 
whether a traumatism to an eye may excite a typical keratitis parenchymatosa. 
It may always be claimed that a traumatism to a person suffering from general 
syphilis may excite the disease endogenously at the place injured, but keratitis 
parenchymatosa, as an accompanying symptom of hereditary syphilis, is usually 
bilateral and attacks the second eye some time after its appearance in the first, 
so the question really is whether we have any basis for the idea that a traumatism, 
either slight or severe, to one eye can excite a syphilitic disease such that the 
second eye will become affected weeks or months after the infection of the first. 
Can a slight injury of one eye cause an endogenous disease of the other weeks 
or months later? The suggestion has been made that the accident to the eye 
may excite vasomotor irritations which may induce the circulating micro- 
organisms to settle, but the most recent experimental researches concerning the 
effect and transmission of irritation as regards the eye have shown that the 
irritation of one eye is unable to cause the least secretory change in the other.. 
When we examine critically the clinical material that has been used hitherto as 
a basis for the theory of a causal connection between traumatism and bilateral 
parenchymatous keratitis, we find that no such causal connection can be demon- 
strated. I think that in these cases the accident indemnity has been carried toa 
far, and I maintain that no connection between traumatism and bilateral kera- 
titis parenchymatosa can be recognized. We ophthalmologists have to depend 
very much on the cooperative work of the general practitioner in regard to these 
matters. In cases that may later be contested the eye should be examined imme- 
diately after the alleged injury by the physician, and it should be ascertained 
whether the cornea was affected by the traumatism, and whether both eyes were 
perfectly healthy at the time of the accident. When this is done we will see how 
many of the cases in which a traumatism is held responsible for the later develop- 
ment of a bilateral syphilitic parenchymatous keratitis can be proven. 

I recommend like precautions in the formation of a judgment in a case of 
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acquired syphilis, when the questioD arises whether a traumatism has excittd 
the syphilitic disease in the eye. InsigniScant injuries of the conjunctira by 
particles of dust have been held responsible by patients for a syphilitic atrophy 
of the optic nenpe. 

Another serious disease that may follow an injury to the eye is trtamms. It 
is well that physicians should bear this disease in mind whenever they hare to 
deal with fresh, severe injuries of the eye. or of its environment, although catses 
arv rare. Tetanus is seldom to be feared after an injury to the eyeball, but i^ 
more apt to occur after injuries to the lids and orbit, especially when the obj< 
with which the injury was produced has been in contact with the ground, 
wood and earth contain the spores of tetanus bacilli. The disease takes ^he 
cephalic form in cases of injury to the eye. and the period of incubation fl-.xr^j> 
ates between one and ten days. The diagnosis is made easily when dyspha^i^. 
trismus and facial paresis are present. Trismus must not be overlooked wh»er_ 
there is a great inflanmiatory swelling of the face. The prognosis m tbe«^ 
is very bad. partly because of the peculiar nature of the locality where inft 
has taken place, partly because it has been impossible to administer ai:t:toxiii 
so?n enough in most cases^ When a severe and dirty case of injury of the orfcft 
ccmes under treatment our first precaution should be to inject the senin:. after- 
ward to cleanse the wound thoroughly, to lay bare the orbit, and to recsove the 
foreign body. Persons who have been thus injured should not be sent a Ions. 
distance to a hospital until they have received an injection cf serum, for the 
antitoxin protects more effectively than it cures. 

Another disease that may follow an injury to the eye is anthrax. This 
u>ually starts in the lids, rarely in the niucou< membrane, and appears either as 
a carbuncle, or in the characteristic form of oedema. The anthrax carbcz^ie 
begins as a little red nodule, which soon develops into a pustule having grer&tly 
swolien and infiltrated margins. A black eschar soon forms on the site ot tii«r 
pustule, the carbuncle enlarges rapidly and the gangrene of the skin extends. 
By this time the lids are so swollen that it is very difficult for us to obtain a view 
cf the eyeball. The neighboring Ivmphatic glands become swollen. In a mil»i 
case tlie necrotic portions. whiA often extend very deeply into the tLssuets. 
slough away, and the subsequent cicatrization causes ectropion of the lids, as :i 
rule, which will need to be relieved later by an operation. In a more serious case 
the carbuncle continue* to enlarge and cellulitis appears in its neighborfcocd. 
associated with grave general symptoms, fever and great prostration. Whec 
the agent is very virulent a general infection takes place and the patient dius 
of anthrax sepsis. The simple or grave furuncle, or cartiuncle must be di:f-r- 
cntiated in such a case. The vocation of the patient frequoitly furnishes ah 
indication, for the people who. above all others, are subject to anthrax are thos^ 
mho deal with animals, or their products. The diagnosis is made positive bv the 
demonstration of the anthrax bacilli, which may easily be found at the mar^fic 
of the tissue necrosis. 

The second form of this disease in the eye is the Gedema of anthrax. An 
extensive oedema of doughy consistence develops in connection with a little pu;?- 
tule. Large blebs *ith serosanguineou* contents, may appear on the skin. The 
prognosis is bad from the start. The cedema spreads rapidly over the cheek jjid 
face to the neck and the body, and a general infection quickly supervenes. Ti.> 
(zdema may be mistaken for a progressive cellulitis. The m«3rtalitv is between " 
and 20^. . An injection of anthrax serum Ls to be recommended as soon as sucr 
a case comes under observation, according to recent experience. The bxal trfi:- 
ment of an anthrax carbuncle consists of the application of hot catapLL^ms. "iMt 
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of the oedema consists of injections of a S% solution of carbolic acid. Such cases 
are of surgical rather than of ophthalmological interest. 

Glanders and rabies may be mentioned as other grave diseases that have been 
observed after injuries to the eye. Glanders is met with in persons who have 
come in contact with animals suffering from this disease ; such an infection results 
in very serious infiltrations, ulcerations and gangrene. Hydrophobia may be 
communicated by the bite of a rabid dog in the eye. In such a case our duties 
are confined to the cleansing of the wound and the immediate transference of 
the patient to an institute for the treatment of hydrophobia. 

104. Connection between Injuries and Tumors of the Eye 

Many causal relations have been found to exist between traumatism and 
malignant tumors in surgery and general pathology, so it would seem as though 
the possibility of such causal relations between injuries and tumors might be 
assumed in ophthalmology, and very often the patients subsequently ascribe 
their tumors to traumatism. 

We do not yet know the cause and the real nature of the development of 
tumors, but we certainly do know that an injury is not the only, and not the 
direct, cause of tumor formation. We can only question in certain cases whether 
the injury took part in exciting the formation of a tumor, or whether it favored 
the development of such a growth. 

To begin with we must classify the different kinds of tumors of the eye into 
groups. Intraocular sarcomata first have to be taken into account. Quite a 
number of observations are recorded in literature to prove the relation between 
this form of sarcoma and injuries, but a critical sifting of these observations 
has shown that the conditions arc much more unfavorable for a traumatic origin 
in an intraocular sarcoma than in similar tumors of other superficial organs. 
The potential germ of the development of sarcoma must have been present in 
the eye before the injury in all such cases, and therefore the only question that 
can be discussed is whether the injury took part in, or favored, the development 
of the tumor. Such a question can never be answered with certainty. I would 
consider a causal connection between a traumatism and this form of tumor to be 
probable only when the injury was severe, when acceptable relations between the 
place of injury and the site of the tumor can be determined, and when the time 
that elapsed between the traumatism and the appearance of the symptoms of 
tumor supports the idea that they were connected. The Imperial Insurance 
Office demands in contested cases tlie proof not only of an accident, but also that 
the accident actually affected the place where the tumor developed, and also 
makes it conditional that a number of troubles and symptoms persisted during 
the period between the accident and the development of the tumor. When this 
test is applied we can trace a causal connection back to the many asserted in- 
juries in onlv a verv few cases of intraocular sarcoma. 

Traumatism plays no part in the etiology of malignant intraocular glioma. 

We are more apt to think of such a causal connection in epibulbar sarcoma 
and epithelioma. The epibulbar sarcoma develops by predilection in the region 
of the palpebral fissure, from a na»vus of the conjunctiva near the limbus. We 
know that the region of the palpebral fissure is subject to many little injuries, 
but here again we must be careful in forming an opinion. The conditions are 
quite similar in epithelioma, which likewise starts at the limbus. Cases have 
frequently been described in which a preceding traumatism could he proved. An 
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etiological connection with an injury has also been recognized repeatedly in 
cases of sarcoma and carcinoma of the lids, and of the lacrymal gland, as well 
as of the soft tissues and bones of the orbit. 

Although we maintain a certain reserve in the formation of an opinion con- 
cerning the connection between malignant tumors and traumatism, we must 
admit that a causal connection between benign tumors and injuries is often 
present. We see cysts develop after operations, particularly those for strabis- 
mus, in which displaced cilia frequently play a part. Still more often granula- 
tions and pedicled papillomata originate from injuries and wounds produced 
by operations. Angiomas of the conjunctiva have also been observed to fol- 
low severe injuries of the cephalic vessels. 

Cysts of the cornea have been observed after injuries. Chief among these 
are the cystoid cicatrices that are met with after operations and accidents, which 
have been fully described among the complications that follow the operation for 
cataract. Strictly speaking these ectatic cicatricies should not be said to be of 
the cornea, because they commimicate with the interior of the eye, but the im- 
portant part taken by the traumatism is evident. 

A perforating wound at the corneoscleral margin may be followed by the 
development of a large cyst, lined with epithelium, which is connected with the 
interior of the eye. The cornea, prolapsed iris, conjunctiva and sclera may be 
involved, and we may divide these cysts into sclerocomeal and scleral. In some 
cases the endothelium of the cornea has wandered into and lined the cyst. In 
others the epithelium of the cornea was implanted by the injury, or has pro- 
liferated inward from the wound. 

Many benign tumors, which may be ascribed to injuries, are also met with 
in the tissues about the eyeball. An injury to the lacrymal gland, or to its 
environment, may cause a cicatricial occlusion of an efferent duct and give rise 
to a cystic dilatation known as dacryops. A contusion- of the margin of the 
orbit, or a cicatricial contraction of the conjunctiva, may result in such a reten- 
tion cyst of the lacrymal gland, but further than this the origin of dacryops is 
still unexplained, for when we try mechanically to occlude one of the ducts, as 
has been done experimentally many times, the gland atrophies, but no cyst is 
formed. True tumors of the lacrymal gland following injury are very rare. 

Polyps may originate in the lacrymal sac from injuries, such as are produced 
by the passage of probes. 

Secondary osteomata often appear on the margins of the orbits, which are 
exposed to all possible kinds of injuries. Cysts of the accessory sinuses, that 
encroach upon the orbit, have been described as following traumatisms, and it 
may be added, for the sake of completeness, that cavernous angiomata of the 
orbit and phlebectasia; have also been associated with injuries. 

There still remains one intraocular form of tumor in the origin of which 
traumatism plays an important part : the cyst of the iris. We distinguish two 
varieties, the serous cyst of the iris and the pearl cyst. The former is the more 
common ; according to Wintersteiner it is met with in comparison with the latter 
in the proportion of 125 : 30. 

I am able to show you a case of serous cyst of the iris (see Plate IX). This 
eye was injured by a perforating wound two years ago. The striking symptom 
now is a roundish, partly flattened tumor, with an evidently delicate, transparent 
wall and clear contents, in the lower portion of the anterior chamber. This tumor 
plaitily arises from the iris and traces of iris tissue can still be seen in its wall at 
the place where it joins this membrane, particularly with Zeiss* loupe. The 
patient comes to us now because the eye gives him pain, although it recovered 
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with good vision from the injury. The eyeball is irritated and its tension is 
distinctly increased. When such a cyst of the iris is left to itself its growth is 
generally constant, although occasionally it may remain at a standstill for a 
considerable period. The consequences cannot be avoided. As soon as it 
reaches the posterior surface of the cornea the latter becomes opaque at the place 
of contact ; the cyst grows larger, extends over the pupil, may press the lens 
backward, and finally secondary glaucoma develops. 

It is only in exceptional cases that the wall of the cyst may rupture and the 
cyst itself undergo involution. We are therefore compelled to operate on serous 
cysts of the iris. If the eye still possesses vision we must try to remove the cyst 
as soon as possible by one of the methods at our disposal. We may simply 
puncture the cyst, an operation that may need to be repeated many times, or 
we may incise the cyst wall in a manner similar to that employed in performing 
iridotomy, or we may make a partial, or a total excision of the cyst wall. The 
attempt should be made to totally extirpate the cyst if it is small, but such a 
procedure is impossible after it has reached a large size. Even partial excisions 
are attended in such cases by considerable danger. In this case we will try first 
the opening of the cyst, an operation which may have to be repeated. 

Several theories have been advanced concerning the pathogenesis of serous 
cysts of the iris. According to one theory epithelium is dislodged from the cor- 
nea or conjunctiva, at the time of the occurrence of a perforating wound, and 
carried into the iris, where it proliferates and forms a cyst (Rabl and Roth- 
mund). Stoelting thinks that the epithelium of the corneal wound proliferates 
into the anterior chamber and implants itself in the iris. According to de Wecker 
many such cysts originate through the formation of a sac by folds of the iris 
and distention of the sac with aqueous. According to others such a saccula- 
tion of the iris could take place when its tissue is split, either directly by a lacera-* 
tion, or by hemorrhages; or little hollow spaces may be formed in the iris, 
through the inflammatory action of foreign bodies, become lined with epithelium 
and enlarge, after the nature of exudation cysts. Numerous experimental re- 
searches have been instituted in order to produce such cysts by the implantation 
of various kinds of tissue. Serous c^'sts of the iris have no single cause. 

Pearl cysts, which are met with more rarely, are firm tumors in either the 
tissue, or the surface of the iris. The surface of these tumors has the lustre of 
mother of pearl. They likewise follow an injury, usually when a cilium has been 
carried into the anterior chamber, and months or years may elapse after the 
injury before the tumors begin to grow. They threaten the eye in the same 
way as the serous cysts. Their pathogenesis has been cleared up by numerous 
researches. Epithelial cells coming from the epidermis, from the root sheaths 
and cells of the hair bulbs of the cilia, or from the epithelium of the cornea, arc 
torn away at the time of the accident and transplanted into the iris, where they 
proliferate. 

The only possible treatment is operative, for spontaneous resorption of the 
implanted cells is rarely brought about by smothering with granulation tissue. 
A large flap section is necessary for their total extirpation. 



VII 

Diseases of the Vitreous 



105. The Most Important Opacities of the Vitreous 

Diseases of the vitreous can be diagnosed only with the aid of the ophthalmo- 
scope. It is but occasionally that we can perceive morbid changes in its most 
anterior portion by means of focal illumination. We have met with diseases 
of the vitreous many times in the course of our clinical studies ; I need only recall 
to mind the intraocular hemorrhages after injuries, and the opacities found in 
cases of iritis and iridocyclitis. The vitreous plays a rather passive part in dis- 
eases of the eye, it is simply a receptacle for pathological products from the 
surrounding ocular membranes, and yet some typical pictures are presented. I 
would also like to excite interest in the vitreous, because far too little investiga- 
tion has been made as yet into the importance of the pathological composition of 
the vitreous fluid in the origin of such serious diseases of the eye as opacities of 
the lens and glaucoma. Many secrets still lie hidden in the vitreous. 

L Construction and Composition of the Vitreous 

After the cornea has been abscised and the iris and lens removed from the 
eye of an animal, the fossa patellaris, in which lies the posterior surface of the 
lens, is laid bare. 

The vitreous is an ectodermal formation, both anatomically and embryologic- 
ftUy. It consists of a framework of fine fibres, part of which are radiating, part 
concentric. Nothing of this framework can be seen with the naked eye. Between 
the retina and the vitreous is a delicate limiting membrane, which was formerly 
known as the hyaloid membrane, but modern investigation has shown that it 
belongs to the limitans interna of the retina, for the framework of the vitreous 
comes from the glia elements of the retina. The fibres of the vitreous are densest 
and thickest- in the neighborhood of the ciliary body, and the lamellar layers of 
this limiting membrane run in the immediate vicinity of the retinal limitans 
interna. 

The entire large, remaining bulk of the vitreous consists of a gelatinous 
mass, which is perfectly clear and transparent. The great excess of the quantity 
of the vitreous fluid over that of the framework may be shown by passing the 
vitreous through a filter, when all of the fluid will pass through, leaving behind 
only a very small quantity of the substance of the framework. The composi- 
tion of the vitreous fluid is quite similar to that of the aqueous. 

It is important to know, with regard to the metabolism of this peculiar 
tissue, that it contains no lymphatics. It was formerly thought that a hyaloid 
canal continued to exist between the posterior pole of the lens and the papilla 
after the involution of the hyaloid artery, and to serve as a lymph passage, hut 
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this theory is not correct. The processes of metabolism In the vitreous will be 
described when we come to speak of the change of fluid in the eye, but I wish to 
say, with reference to the treatment of opacities of the vitreous, that very little 
effect can be produced on them by drugs introduced into the body. 



n. Opacities of the Vitreous 

1. Muscce Volit antes in the Healthy Eye 

This patient, who is slightly myopic, complains that when he looks at the 
bright sky, or at a white paper, little opacities float about in or in front of his 
eyes. They seem to him to be composed of round points, like strings of pearls, 
or to be irregular shadows. He says that he has often grasped for them, think- 
ing that they were really flying hither and thither in front of his eye. He calls 
them midges ; they are the so called muscae volitantes. 

In order to determine whether these opacities appertain to the vitreous we 
ask the patient whether they sink and continue to move when he holds his eye 
still. If the opacities constantly change their position when the eye is quiet 
they must be situated in the vitreous, for they could not do this if they were due 
to changes in the lens, but if we try to locate them with the ophthalmoscope we 
shall search for them in vain. 

Opacities of the vitreous and of the lens are examined best with an oph- 
thalmoscope having a strong plus lens in the aperture (Lupenspiegel)^ as in this 
way they are made to appear enlarged and more distinct, but even with this 
means we are unable, as a rule, to detect minute opacities in the vitreous. The 
patient alone is able to observe them through entoptic perception of the little 
shadows they cast on the. retina. These muscae volitantes are seen most distinctly 
by the myopic eye, and therefore myopes are the most apt to complain of them, 
although they are present in other healthy eyes. 

The conditions that account for these muscae volitantes are remnants of em- 
bryonal cells and fibres. Single wandering leucocytes also may stay for a long 
time in the vitreous. This form of muscae volitantes is perfectly harmless and 
can cause trouble only when they are exactly in the region of the visual line. 
The phenomenon may often be observed while using the microscope. Muscae 
volitantes are a cause of complaint with many nervous people, whose apprehen- 
sions we may relieve completely ; they are helped most when they are taught to 
pay no more attention to the opacities. 

^. Opacities of the Vitreous in High Myopia 

The opacities in the vitreous of our next case, a patient with high myopia, 
are to be estimated quite differently. 

One of the results of the dilatation of the posterior segment of the eyeball 
in myopia is that the nutrition of the posterior portion of the vitreous is im- 
paired, so that both the gelatinous mass and the vitreous fibres become more 
fluid. This condition is known as fluidity of the vitreous, or as synchysis. Some 
of the fibres are ruptured mechanically by the dilatation, others become disorgan- 
ized. Spaces filled with fluid are formed in the jelly, and opacities, that can be 
seen readily with the ophthalmoscope, float about in this fluid vitreous. These 
opacities assume many shapes, like points, particles, whip lashes, coils, and 
threads. They are thrown about, here and there, by the movements of the eye, 
and we make use of this fact in locating them. We direct the patient to make 
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some quick movements of the eye and then to hold it quiet ; then the opacities 
sink slowly and pass through our field of vision. Diseases of the chorioid and 
retina play a considerable part in their production. 

The fluidity of the vitreous may produce further consequences : the volume 
of the substance of the vitreous may decrease, and then the tension of the eye 
becomes reduced. For this reason we are always obliged to keep watch over 
the intraocular tension when we have to deal with this class of cases. It seems 
hardly necessary to call special attention to the fact that the retina may readily 
become detached in such a soft eye in which the vitreous has become pathologically 
changed. 

The zonule also is softened and atrophic in many cases of fluidity of the 
vitreous, so that the lens becomes tremulous and may become completely luxated. 

3. SynchffM ScmtUlans 

A change that is occasionally met with in the otherwise healthy eyes of old 
people was found in this patient after extraction of a cataractous lens. A large 
number of spangles that have a golden lustre may be seen to dance about in 
the vitreous; if the patient holds his eye still they sink to the bottom of the 
chamber like a rain of gold. This wonderful spectacle is caused by numerous 
crystals, composed of cholesterin, tyrosin and margarin, that reflect the light 
strongly. The origin of these crystals and the conditions under which they are 
excreted into the vitreous are stiU unknown. 

^. Inflammatory Opacities in the Vitreous 

The commonest cause of opacities in the vitreous is« an inflammation of one 
of the surrounding membranes. We find them in this case of recurrent iritis, and 
we have already learned that the exudate in iridocyclitis is likewise deposited in 
this tissue. 

These vitreous opacities consist of cellular and fibrinous exudates, which 
originate chiefly from the ciliary body, but also come from the chorioid and 
retina ; consequently we must search carefully for diseases of these organs when 
opacities have been foimd within the vitreous. Not infrequently the cause is to 
be found in an inflammatory focus in the peripheral portion of the chorioid. 
These inflammatory opacities may be situated in different parts of the vitreous, 
and may differ in their development in accordance with the nature and severity 
of the intraocular disease. In some cases the vitreous may seem to be completely 
filled with a fine dust, in others the exudates are flocculent, and in still others 
they may adhere together and form dense membranes which hang down like 
sails and interfere materially with vision. 

When the opacities are so extremely minute that they cannot be seen in- 
dividually with the ophthalmoscope, the fundus appears to be uniformly hazy, 
to a degree proportional to the number of the opacities, but as long as the fundus 
can be seen one phenomenon is always striking: the papilla seems to be redder 
than usual, because it forms a bright background behind a cloudy medium, just 
as the sun looks like a red ball of fire on a foggy morning. When such a papilla 
is seen through a cloudy vitreous it is not always easy to determine whether a 
neuritis is present or not. When the opacity of the vitreous is still greater, 
only a reddish reflex may be obtained, or nothing at all can be perceived through 
the pupil. 

As these inflammatory opacities of the vitreous arc exudates, a part of them 
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may undergo resorption and a part may become organized into connective tissue. 
Whenever the masses of exudate are of considerable size, blood vessels proliferate 
into them from the vessels of the retina. 

Most of these inflammatory opacities of the vitreous are very refractory to 
treatment. The principal reason for this is the slowness of the intraocular 
metabolism, but it is partly due to the fact that the remedies employed arrive 
at the place where they are needed in insufficient concentration. The remedies 
ordinarily used are potassium iodide, or such modern preparations of iodine as 
sajodin, and mercury, in the form either of inunctions, or of pills. Subcon- 
junctival injections of a 4% solution of salt have been much in favor recently. 
In suitable cases we may also try sweating with pilocarpin, wood tea (German 
Pharmacopoeia), sodium salicylate, aspirin, or hot air baths. Abstraction of 
blood from the temple with Heurteloup^s leech may be practiced, and footbaths 
may be ordered, but the therapeutic results obtained in opacities of the vitreous 
are very poor. 

6. Opacities of the Vitreous in Cataracta Incipiens 

This patient has an incipient senile cataract, in which the disease of the 
lens has begun, as it so often does, in the posterior cortex. Opacities in the vitre- 
ous are frequently found, when cases of incipient senile cataract are carefully 
examined. I do not believe this to be accidental. It seems to me to be more 
likely that the lens becomes diseased in such eyes because it lies for years in 
contact with an intraocular fluid which is pathological in its composition. 

6. Hemorrhages into the Vitreous 

The next case is one of hemorrhage into the vitreous due to a perforating 
wound. Hemorrhages into the vitreous may also be caused by contusions, and 
we meet with them in certain diseases of the eye, such as high myopia and 
chorioiditis, as well as in general diseases characterized by a pathological com- 
position of the blood, such as chlorosis, ansemia, diseases of the blood vessels, 
and diabetes. In old people they frequently occur in connection with arterio- 
sclerosis. The hemorrhages may come either from the blood vessels of the 
retina, chorioid, or ciliary body. In some cases the place of rupture of a retinal 
vessel may be seen with the ophthalmoscope. 

Recurrent hemorrhage into the vitreous in otherwise healthy eyes forms a 
peculiar clinical picture, usually met with in young men, in whom, at irregular 
intervals, hemorrhages take place into the vitreous from the vessels of the retina. 
These intraocular hemorrhages frequently occur coincidently with nosebleed. 
Their nature is still unknown ; more accurate investigations of the blood accord- 
ing to modern methods are urgently needed for its elucidation. In these cases 
it is very remarkable how rapidly the resorption of such a hemorrhage takes 
place sometimes, while that of an ordinary hemorrhage, due to other causes, is 
wretchedly slow and incomplete. If the hemorrhages recur frequently they 
may become organized into a peculiar white mass, which may also become vas- 
cularized. If such a mass lies in front of the retina the picture of retinitis 
proliferans may be presented. The hemorrhage may also lie between the retina 
and the vitreous, when it forms a peculiar ophthalmoscopic picture. A large, 
round bleb of blood is formed in the fundus, usually in front of the macula; 
after a while the blood sinks and the upper margin of the hemorrhage forms 
a horizontal line. These so called pre retinal hemorrhages are duetto various 
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causes, but tbej usually occur in joung persons. In rare cases tbe disc of 
blood lies in front of the papilla. 

Tbe fundamental principles of the treatment of hemorrhages into the vitre- 
ous are the same as those for the treatmaat of inflammatory opacities: rest, 
regulation of the diet, purgatnres, sweating, and inunctions when the diseases of 
the vessels are syphilitic. Small hemorrhages may be resorbed qpite well, but 
the process is very slow. The iris frequently becomes discolored^ the course 
of the resorption, so that a blue or gray one appears of a greenish hue. Pig- 
mentation of the retina may follow a hemorrhage into the vitreous. 

Foreign bodies, such as spicules of metal, are frequently to be seen within 
the vitreous when the eye has been injured, but in order that the student may 
comprehend how such a particle of metal appears in comparison with other 
opacities, an opportunity should be furnished him to examine with the ophthal- 
moscope the eye of an animal into whidi a bit of iron has been artificiaOy 
introduced. 

7. Parasitet m the Vitrtoms 

The cysticercus, the larva of the taenia solium, whidi comes from the beg, 
is occasionally to be met with in the vitreous. Thanks to the hygienic measures 
carried out in the inspection of meat this parasite is now rarely seen. It enters 
the vitreous from the vessels of the chorioid or retina, becomes gradually encap- 
suled in connective tissue, and causes serious injury through the contraction 
and irritation it induces. Filariae have attracted attention recently, becau<^ cf 
the trouble they occasion people in our colonies. They likewise enter the vit- 
reous and give rise to serious intraocular inflammation. I am able to exhibit 
saA a filaria, which I removed from a gentleman employed in Camaroon, net 
indeed from the vitreous, but from the subcutaneous tissue of the upper lid« in 
which it had a lively, sinuous movement. 
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Diseases of the Sclera 



106. The Differential Diagnosis of Scleritis 

Near the margin of the cornea of the right eye of this girl, about in the-^ 
region of the insertion of the external rectus, is a livid spot over which the 
conjunctiva is distinctly elevated. The conjunctival vessels over it are injected, 
but other vessels, which have a violet appearance, shine through from the depths 
of the nodule. The prominence is larger than a lentil and blends with the 
surrounding tissue. It is exquisitely sensitive to the touch. A zone in which 
the sclera exhibits a peculiar livid discoloration almost surrounds the cornea. 

The first question in such a case is whether the focus of disease is in the 
conjunctiva, or in the sclera. 

The only thing this could be, if it were in the conjunctiva, is a solitary 
nodule of conjunctivitis eczematosa, but such a node can usually be differen- 
tiated by its appearance from a scleritic swelling; the injection is conjunctival, 
while in this case the color of the injection is bluish. The solitary efflorescence 
is also situated in the conjunctiva and may be moved with it here and there, 
while in this case it is impossible to move the firm nodule in the sclera. Further- 
more, its surface becomes ulcerated very quickly in conjunctivitis eczematosa, 
but in this patient the nodule has existed for weeks and months, and it is a very 
characteristic feature of scleritis that these foci of inflammation never ulcerate. 
In doubtful cases the course will determine very soon whether the disease is con- 
junctivitis eczematosa, or scleritis. 

Our patient presents still another characteristic: When the focus of inflam- 
mation in the sclera finally undergoes involution it is very apt to leave behind 
a peculiar, slate blue discoloration, while an eczematous nodule in the con- 
junctiva leaves no trace when it disappears. It was this peculiar discoloration 
that attracted attention when we began to examine the patient. 

When we inquire further with what else this scleritic swelling could be con- 
founded, the only suggestion is that of a large pinguecula. When the conjunc- 
tiva is inflamed a pinguecula may occasionally be distinctly elevated, but I 
do not think it could be mistaken for this condition. Hence we know that this 
is a disease of the sclera. 

We must first study the normal sclera in order to understand this inflam- 
mation. The sclera is thickest near the optic nerve, gradually becomes thinner 
toward the equator, and is thickened somewhat anteriorly by the fusion with 
it of the tendons of the recti. It is constructed histologically of bundles of 
firm connective tissue and elastic fibres in a mafiner similar to that of the cornea. 
The bundles of connective tissue run in meridional and equatorial directions 
and interlace, with spaces containing flat cells between them. Pigment cells 
also are met with near the corneoscleral margin. This pigment can often be 
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<em in the liring ere, in the form of little brovn spots on the white membruie^ 
«t the place where the anterior dliarT vessek emerge from the sdera. The 
fibrei of the sclera pass orer into those of the cornea, at the margin of the 
latter, quite graduallj and impercepttbij, but in the cornea thej are trans- 
parent and arranged much more regularlj. The sclera itsdf has tctt few 
resseU: the main reason whj diseases of this membrane are compaiatiTelT rare. 
Still, this is not a satisfactory explanation, for the cornea is just as destitute 
of resMels and jet it is frequently diseased. The agents of inflammation hare 
diiRcultj in finding adequate conditions for derelopment in the firm, almost 
tendinous tissue, and ret there are a number of general diseases in which the 
sclera is inrolved. 

Let as study some sections of an eye with scleritis, in order to obtain an 
idea of what is taking place in the sclera of our patient. A yerr dense infiltra- 
tion of round cells occupies almost the entire thickness of the membrane. Tlie 
ciliary body is richly permeated with cells and has a fibrinous exudation on its 
surface. Lines of round cells follow the Uood yessels toward the cornea from 
the focus of inflammation in the sclera, and the infiltration may be seen to 
extend even into the deeper layers of the cornea itself, where it is accompanied 
by numerous vessels. Now we see how far into the eye of our patient the effects 
of the inflammation of the sclera may have extended. 

We make a clinical distinction between a superficial scleritis, also called 
episcleritis, and a deeper form, the true scleritis. This distinction is of clinical 
importance, although no sharp differentiation can be made between them patho- 
logically, because experience has taught us that the prognosis of the superficial 
form is good, in that no serious injury to the interior of the eye is associated 
with it, while it is otherwise with the deep scleritis, which involves other por- 
tions of the eye. 

In an episcleritis the layers of the sclera are forced apart and made to 
bulge by the exudate at the place where the nodule is situated. Such a node 
\h obstinate, it may last for weeks, but finally it disappears through resorption 
and leaves behind either no changes, or a little slate gray spot in the sclera. 
This form of scleritis may recur frequently. After the disease has lasted for 
some weeks the first node disappears and a new one springs up in another place. 
This may be repeated until the disease has actually journeyed around the 
cornea, but it finally ceases, for it never appears a second time in the same 
situation. 

These nodes likewise appear and undergo involution in the deeper and 
graver form of scleritis, but the sclera may be so thinned at the place of the 
deep infiltration as .to give way before the intraocular pressure and to become 
ectatic. If the disease has also wandered around the cornea the entire gray zone 
may become broader; then the cornea moves forward, the eye is lengthened 
sagittally, becomes pyriform and highly myopic, or the sclera may bulge at 
certain places and allow staphylomata to develop. As these nodes are usually 
situated in the region of the ciliary body the final result of a grave scleritis 
may be a ciliary staphyloma. 

Other changes still take place in the deep form of this disease. The in- 
flammatory infiltrates are very apt to extend from the sclera into the cornea, 
as we have seen in the microscopical examination. The so called sclerosing 
keratitis then develops, which is thus an accompanying symptom of scleritis. 
We find an opacity in the deeper layers of the cornea extending from the 
scleral node at its margin, which possesses correspondingly deep vessels. This 
inflammation never produces ulceration of the cornea. Sclerosing keratitis has 
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another unpleasant peculiarity: it is not very capable of involution, and in 
most cases the opacity is permanent. Its appearance changes to a tendinous, 
bluish white, and then it looks as if the sclera itself had extended into a portion 
of the cornea. 

The fact that the scleritic swelling involves the ciliary body explains the 
changes that we meet with in the iris, an inflammation of which is present with 
all its symptoms, deposits on DcscemeVs membrane and posterior synechia?. The 
involvement of the uvea is betrayed also by the fact that there are exudates in 
the vitreous. The other membranes of the eye are involved in this manner in 
a deep scleritis. 

In scleritis posterior the nodes are situated farther back and are not in the 
neighborhood of the margin of the cornea. They are characterized by severe 
pain and a considerable swelling of the episcleral tissue at one canthus. The 
retina may be rendered cloudy and be bulged forward as by a tumor. 

The differentiation, whether we have to deal in this case with a superficial, 
clinically benign episcleritis, or a deep, grave scleritis, is no longer difficult; 
we must not content ourselves with looking at and feeling of the node, but must 
make a careful examination of the entire eye. We find first a tonguelike, gray 
opacity at the outer margin of the cornea, situated in its posterior layers, as 
is shown by the deep vascularization. We find also quite a number of deposits 
on its posterior surface, which indicate the involvement of the iris and ciliary 
body in the form of a serous iritis. 

Rheumatism and gout are the preeminent causes of this disease, but there 
is no doubt that in many cases it is due to a benign tuberculosis. It must be 
admitted that the etiology is frequently difficult to determine, even when the 
organism has been thoroughly examined with the aid of biological reactions. 
The fact that an inflammation of the sclera is usually very obstinate and re- 
quires a long time for involution is due largely to the anatomical peculiarities 
of this tissue, with its probably slow metabolism, and to the uncertainty of 
the etiology. We must therefore tell this patient that she must have patience, 
that the course of the disease is very slow. When there are signs of a con- 
comitant iritis the eye is kept under the influence of atropin. Heat is applied 
constantly at first by means of the thermaphore. If the cause seems to be 
rheumatism we prescribe aspirin, and may also use preparations of iodine. 
When the node becomes less painful we try to accelerate its resorption by mas- 
sage and dionin, but we cannot prevent recurrences. If signs of gout are 
present, treatment of the uric acid diathesis is indicated. In the course of 
gout we also meet with the so called episcleritis periodica fugax, in which dis- 
crete patches of infiltration of the episcleral tissue appear and soon disappear, 
but recur for a long time with a certain regularity. If the result of the tuber- 
culin test shows that tuberculosis is the probable cause a course of tuberculin 
treatment may be instituted. 
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tain very many granules, and that substances are normally m6t with in the 
gland cells which give the reaction of fat. Investigations have also shown that 
all cells do not work uniformly during the secretory activity of the lacrymal 
gland, but that, many portions rest while other parts are actively engaged in 
secretion. 

The tears secreted by the lacrymal gland are composed of a sterile, slightly 
opalescent, colorless fluid, as clear as water, and having an alkaline reaction. 
Under the microscope we find in it here and there some desquamated, epithelial 
cells. One hundred parts of lacrymal fluid contain, according to Frerichs: 

I II 

Water 99.06 98.70 

Epithelium 0.14 0.82 

Albumin 0.08 0.1 

Mucus and fat 0.3 0.84 

Sodium chloride and other salts . . 0.42 0.54 

The salts contained are, in addition to sodium chloride, carbonates of so- 
dium and of magnesium, sulphates and phosphates of lime. From the small 
amount of salts it contains the lacrymal fluid must be hypisotonic, but if we 
instill hypisotonic solutions into the conjunctival sac they prove to be just as 
unpleasant as hyperisotonic solutions, therefore, if it be granted that the an- 
alyses arc correct, it remains to be proved whether the action of the hypisotonic 
lacrymal fluid is compensated for by dissolution in a colloidal fluid. 

With regard to the bactericide action of the tears, it was proved, when 
speaking of the conjunctiva, that this frequently asserted bactericide action has 
been authenticated only with regard to certain kinds of bacteria, and is in 
reality to be ascribed to the fact that the lacrymal fluid forms a bad nutritive 
medium for many bacteria. 

The lacrymal fluid passes from the mouths of the excretory ducts into the 
conjunctival sac, whence it is guided into the puncta lacrimalia, situated in the 
free margins of the upper and lower lids near their inner ends. Under normal 
conditions they are so situated that the upper one points somewhat backward 
and downward, the lower one somewhat backward and upward, so that the 
openings touch the eyeball and slide upon it as it moves. They are placed on. 
little elevations, the lacrymal papillse, which vary in size in different people and 
ordinarily are much elongated in old persons. 

The puncta lacrimalia are the openings of the canaliculi, which run verti- 
cally at first, for about two millimetres, and then bend and run horizontally 
toward the inner canthus for eight or ten millimetres. They are lined with a 
laminated pavement epithelium and are surrounded by a dense network of 
elastic and muscle fibres. This fact, which is of considerable importance in its 
physiological work, has been made a certainty by modern research, especially 
by Halben, The muscle fibres are arranged circularly about the vertical por- 
tion of the canaliculus and run parallel to the horizontal portion. 

The- canaliculi converge inward and finally open into the lacrymal sac, 
either close together, or united in a short, common trunk. The opening cor- 
responds to about the middle of the internal tarsal ligament and presents, in 
many cases, an anatomical construction like that of the lacrymal sac. 

The lacrymal sac, together with the nasolacrymal duct, forms the true 
lacrymal duct. The lacrymal sac is from 10 to 14 mm long, the nasolacrymal 
duct from 15 to 20 mm. The lacrymal sac is situated at the inner canthus in 
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the fossa sacci lacrimalis of the lacrymal bone, so that it rests securely upon 
the bones behind and to its nasal side, while it is covered in front and to the 
temporal side by the ligamentum canthi internum and the periorbital membrane. 

In order to locate the lacrymal sac in the living person we draw the lids 
toward the outer canthus so as to cause the ligament of the internal canthos 
to project somewhat. The lacrymal sac lies behind this ligament in such a 
way that its apex extends somewhat above the upper margin of the latter. 

It is necessary to study microscopically the structure of the walls of this 
organ in order to understand its diseases. Within we find several lavers of 
cylindric epithelium which rest on a structureless basal membrane. The mucosa 
consists of a loose, reticulated connective tissue with elastic fibres and so many 
lymphoid cells that follicles may be formed in catarrhal irritations. The sub- 
mucosa consists of a firm, fibrous tissue which contains such a strikingly large 
number of elastic fibres that they must be of great importance in the guidance 
of the tears. In rare cases small glands are also present in the mucous mem- 
brane of the lacrymal sac. 

The lacrymal fluid passes from the lacrymal sac into the ductus nasolac- 
rimalis, the lining of which is of similar construction to that of the walls of the 
sac: laminated cylindric epithelium, mucosa with numerous lymph cells and 
occasionally containing follicles, submucosa with a rich venous plexus. The 
nasolacrymal duct finally empties below the inferior turbinate into the nose. 
The submucous venous plexus is very much developed about its mouth, but the 
principal thing that differentiates this portion of the lacrymal passage from 
the lacrymal sac is the fact that it is surrounded on all sides by bone, that it is 
embedded in bone. The importance of this in pathology will soon be evident, 
but we must first learn the physiology of the lacrymal organs. 

IL Physiological Functions of the Lacrjnnal Organs 
A. Function of the Lacrymal Gland 

Our views concerning the means by which the lacrymal gland is caused to 
secrete have undergone a change. We have known for a long time that the 
lacrymal ner\'e, which comes from the ophthalmic nerve, the first branch of 
the trigeminus, supplies the lacrymal gland. Its upper branch passes through 
the gland and is distributed in the skin and conjunctiva about the outer can- 
thus; its lower branch unites with the temporal zygomatic nerve, which conies 
from the second branch of the trigeminus. The lacrymal gland is also supplied 
by fibres from the sympathetic, which accompany its nutrient vessels. 

Until within a comparatively short time the trigeminus was supposed to 
be the secretory ner^-e of the lacrymal gland, and numerous experiments were 
made to trace this secretory nerve more accurately by means of stimulations 
and reactions, but when Goldzieher showed in 1893 that the lacrymal secretion 
may cease in facial paralysis, and that therefore the facial must be the secretory 
iier\'e of the lacrymal gland, the belief in the secretory importance of the 
trigeminus was shaken. We know now, from the labors of Koster, and of 
others, that the secretory nerve of the lacrymal gland really comes from the 
facial. It has been proved that the secretion of the lacrymal fluid is disturbed 
in facial paresis if the lesion is situated in the region of the ganglion geni- 
cull, whence the conclusion may be drawn that the secretory nerves for the 
lacrymal gland must leave the facial at some point in its course through the 
petrous portion of the temporal bone. The clinical observations of K aster in 
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cases of facial paresis have shown that these fibres are no longer present in the 
trunk of the facial nerve near the ganglion gcniculi, so it is quite probable 
that they pass through the nervus petrosus superficialis major to the sphenopala- 
tine ganglion, thence to the second branch of the trigeminus, and then through 
either the nervus subcutaneus mala? to the gland, or back to the Gasserinn 
ganglion and thence by way of the first branch of the trigeminus and the 
lacrymal nerve to the gland. From what source they come, and whether they 
originate in the facial nucleus itself, is uncertain. The lacrymal secretion is 
not stopped in congenital facial paralysis in. which the nucleus of the facial 
nerve is absent or imperfect. This indicates that the secretory fibres for the 
lacrymal gland- do not come from the facial nucleus, itself, but from some other 
nuclear region, probably from that of the glossopharyngeus, which also fur- 
nishes the nerves for the salivary glands, and pass from this place to join the* 
root of the facial nerve, probably through the portio intermedia Wrisbergii.. 
It is probable, though not yet proved with certainty, that, in addition to these- 
secretory nerves, the lacrymal gland is supplied with fibres of the sympathetic 
that possess secretory power, which enter by way of the vessels. In weepings 
the vessels of the face and conjunctiva dilate, and we may suppose that this, 
vascular dilatation extends to the lacrymal gland. The sympathetic has there- 
fore been considered by not a few to be the secretory nerve of the lacrymal 
gland. It may be that the lacrymal gland has a double supply of secretory 
nerves, the same as the salivary glands. I believe, with Arloing and Laffay^ 
that fibres inhibitive of secretion are present, in the sympathetic. 

However this may be, the lacrymal gland may be excited to secretion in 
two different ways, through direct innervation from a centre imknown as yet 
tliat produces psychical weeping, and by reflex action from the trigeminus or 
the optic nerve. 

We do not know with certainty the situation of the centre for psychical 
weeping, which is excited by the emotions. It may be in the optic thalamus, 
which, according to NothnageU is the seat of the mimical movements of expres- 
sion. Psychical weeping is peculiar to man, none of the lower animals, not 
even one of the anthropoid apes, have this reaction to the- emotions. It is a 
matter of interest in this connection that an infant does not weep psychically,, 
and still its lacrymal gland is well developed, although it does not yet contain 
as much adenoid tissue as an adult's. It can also be easily demonstrated that 
the lacrymal gland of the new bom infant secretes as the result of reflex irri- 
tation, so, as it cannot respond to psychic stimuli, we must suppose that certain 
tiacts in the brain do not yet perform their duties. Every mother knows that 
the first tears do not come until the cliild is several weeks old. It is also well 
known that men weep less than women. In man a hyperplasia of the stroma 
takes place, together with an atrophy of the glandular tissue^ A lacrymation 
is also associated with yawning, laughing, coughing and vomiting, which is 
probably due to an innervation extended to the lacrymal gland. Psychical 
weeping is of interest to us just now only because in it may be perceived the* 
involvement of the sympathetic. In weeping the conjunctiva reddens, then 
the margins of the lids, the lids, and finally the face swell and redden; all 
results of the dilatation of the blood vessels. 

The secretion of the lacrymal gland may be obtained not only by psychical 
weeping, but by reflex action. Thus the eyes lacrymate when we look at the* 
sun, or are dazzled by a bright light. Sensitiveness in this respect varies a 
great deal. The reflex tract followed in such a case is by way of the optic ; 
nerve. 
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Lacrjination from stinralation of the trigeminus is of still greater 
interesL Such a reflex action is to be met with almost daily in connection with 
-diseases of the eye. Conjonctivitis, keratitis, iritis, may excite an increased 
M;cretion of the lacrjrmal fluid through irritation of the fibres of the trigeminus. 

The commencing dryness of the surface of the eye, the agitated air, and 
the increased concentration produced by eraporation constantly goTem the 
secretion of the lacrymal fluid in a reflex manner, which ceases only during 
sleep. This reflex lacrymation is therefore the secretion of the lacrymal gland 
that is maintained continually during the waking hours of the day. 

When we extirpate the lacrymal ghmd the eye does not become dry, because 
its moisture is guaranteed by the conjunctiva alone. We mi^t suppose that, 
under normal conditions, this duty rested upon the conjunctiTa alone, and that 
the lacrymal gland performed its function only when stronger irritations affect 
the eye, but Schirmer has shown that in persons whose lacrymal sacs haTe been 
extirpated, but otherwise hare unirritated eyes, more tears are constantly se- 
<reted than are evaporated from the palpebral fissure. 

Attempts have been made to measure the quantity of fluid secreted in this 
reflex manner. Weighed strips of filter paper have been placed in the con- 
junctival sac in order to determine from their increase in weight by the mois- 
ture, the quantity of lacrymal fluid produced in a given time. These showed 
that from 0.5 to 0.75 gram of fluid is secreted in sixteen hours, but eyes* from 
which the lacrymal sac has been extirpated are not physiologically normal eyes, 
particularly with reference to the irritability of the conjunctiva. When the 
eyes are perfectly normal a comparison of the two, tested in this manner, 
shows a considerable difference, and therefore we can hardly utilize such a com- 
parison when a functional disturbance of one lacrymal gland is suspected. Hie 
extent and rapidity with which these strips of filter paper become wet before 
and after cocainization of the eye vary considerably. Even though this method 
is inexact and of no scientific importance or usefulness, we must stiU sup- 
pose, with Schirmer^ that the lacrymal gland, under normal conditions, con- 
tinually secretes a larger quantity of fluid than is disposed of by evaporation 
through the palpebral fissure. Therefore the tears must be regularly con- 
ducted toward the nose, and much more still must be demanded of the abducent 
passages when the amount of secretion is increased. 

B. Conduction of the Tears 

Various theories have been advanced to account for the mechanism of the 
conduction of the tears. After they leave the excretory ducts of the lacrymal 
gland they must spread over the entire conjunctival sac, if they are to keep 
the eyeball moist. This is accomplished primarily by the elastic pressure of 
the eyelids, which guides them into the palpebral fissure, where they sink 
downward on the eyeball, partly because of the attraction of gravitation, and 
accumulate in the middle of the intermarginal portion of the lower lid. Capil- 
lary attraction also takes part in the covering of the eyeball with a la3'er of 
fluid. In this manner the tears accumulate along the intermarginal portion 
of the lower lid and in the lacus lacrimalis, where the puncta lacrimalia are 
immersed. 

Weber called attention to the fact that the lacrymal tube resembles a 
siphon, the shorter branch of which is formed by the canaliculus, the longer 
one by the lacrymal sac and the nasolacrymal duct, and therefore it has been 
widely supposed that the tears were removed by siphonage, but more modern 
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researches, particularly those of Schirmer^ have shown that when the lids are 
not moved the tears are not carried to the nose, so the siphon does not always 
work. 

It was formerly thought by Molinelli that capillary attraction took part in 
the conduction, as it was still believed at that time that the canaliculi were 
filled with air from time to time, but it is known now that normally the lacrymal 
•duct is always filled with fluid. 

According to Honnauld the tears are aspirated into the nose on inspiration ; 
the current of .air in the nose sucks the fluid from the nasolacrymal duct, but in 
'Schirmer^s experiment no easily demonstrable bacteria reached the nose, even 
when the respiration was purely nasal, when winking was discontinued. Thus 
the importance of the movements of the lids in the conduction of the tears is 
continually brought to our attention. 

The lids are capable of three movements: a rapid opening and closure, as 
in nictitation, a snapping of the lids together, as in winking, and the closure of 
the eye, and the question arises: Which movement has the greater power to 
drive the tears along? 

It was believed by v. Arlt that the lacrymal sac was compressed when the 
lids were closed, and that the fluid contained in it was driven into the 
nose, but this is fundamentally incorrect, because there is no muscle connected 
with the eye that could produce such compression. When the orbicularis con- 
tracts it enables the ligamcntum canthi internum to dilate the lacrymal sac. 
It is a matter of common observation that tears standing in the eye can be 
conducted into the nose best by quickly repeated snappings of the lids together, 
and more recent studies have shown that the driving power in the conduction 
of the tears is not the closure of the lids, but the slightly twitching motion they 
make in winking. Schtrmer claims that this is the only tear conducting force. 

In order to understand the conduction of the tears we must conceive that 
in winking the contracting portion of the orbicularis draws the ligamentum 
canthi internum somewhat forward and outward, so that, as the outer wall 
of the lacrymal sac is firmly attached to the ligament while its nasal wall is 
fixed by the periosteum, the lumen of the sac is increased somewhat by the act 
of winking and thus the lacrymal fluid is sucked into the lacrymal sac. As 
soon as the contraction of the orbicularis relaxes, the walls of the sac are drawn 
together again by their elasticity. 

The purpose of the elastic tissue in the wall of the lacrymal sac is evidently 
to afford the necessary contraction when the sac is dilated. The anterior wall 
is strengthened in this respect by the ligamentum canthi internum ; it is rather 
deficient in elastic tissue in only one place, and it is there that ectasia? form in 
chronic disease of the sac. The tears are pressed by the elastic compression 
out of the lacrymal sac through the nasolacrymal duct, because this duct is 
larger than the canaliculi. Probably the muscles and elastic tissue about the 
latter also act to prevent a reflux of the fluid into the conjunctival sac. The 
anatomical condition of the elastic and muscular tissue about the canaliculus 
renders it probable that a sort of sphincteric action is present in its vertical 
portion, where a contraction is frequently felt to take place after a knife 
has been introduced for the purpose of slitting the canaliculus. 

When the lids are spasmodically closed a great quantity of lacrymal fluid 
accumulates without flowing away. The probable explanation of this is that 
the upper portion of the canaliculus is occluded by these little sphincters. Both 
the muscular and the elastic tissue act to dilate the lumen of the canaliculus 
in its horizontal portion. The conduction of the tears is by suction into the 
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lacrymal sac, by its dilatation through muscular contraction, and then by 
being sent farther along by its contraction. This mechanism performs an 
important duty, for the eye must be maintained in a certain degree of moisture 
if the cornea is to remain transparent. 

The conjunctiva itself furnishes only a very small portion of the fluid, 
except when the lacrymal gland has been removed or has lost its function: 
under normal conditions it has a different duty to perform. Processes of 
diffusion continually take place between its tissue and the fluid in its sac by 
which an increase in the concentration of the fluid is prevented. A portion of 
the fluid evaporates, but the greater part is constantly guided toward the 
nose. The process is very slow. Schirmer has calculated from the time taken 
by bacteria coming from the conjunctiva to arrive in the nose that the rapid- 
ity of the current in the lacrymal passage is less than one millimetre per 
minute. The mechanism for the removal of the tears is so regulated that it 
is equal to greater demands. The slowness of the current under normal con- 
ditions is explained by the slowness of the supply. Thus four factors cooperate 
in the regulation of the normal change of fluid in the conjunctival sac: lac- 
rymal gland and conjunctiva, evaporation and conduction of tears. So much 
for the theory of the normal function of the lacrymal apparatus. 

We suspect that the outflow of tears from one eye of this patient is ob- 
structed, but how is it to be proved.^ All that is necessary is to instill a few 
drops of a salt solution stained with fluorescin, or of a 1% solution of fluorescin, 
into the conjunctival sac and then direct the patient to wink rapidly a few 
times. If the lacrymal passage is free the fluorescin will appear in the nose in 
a few minutes and can be easily demonstrated by having the patient blow 
his nose. The coloring matter is demonstrable only on the healthy side of 
our patient. Far too little use is made in practice of this simple method. 
Whenever, in the course of a chronic conjunctivitis, the suspicion arises that 
the passage of the tears is obstructed this test should be applied. 
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of Probes into the Lacrymal Passages 

L The Most Frequent Causes of Epiphora 

Epiphora is a symptom that may be due to three different causes: hyper- 
secretion of the lacrymal gland, absence of driving power in the conduction 
of the tears, and obstruction of the lacrymal passages. 

A hypersecretion of the lacrymal gland may be so great that the ap- 
paratus for conducting away the tears is not able to cope with the demand, 
as in psychical weeping, when there is a direct innervation of the gland. Snch 
weeping is met with in hysterical persons who complain of the tendency to 
weep. Reflex irritation of the lacrymal gland also takes part in the increased 
flow of tears in exophthalmic goitre and in migraine, as well as in the rare 
cases in which an increased secretion is met with in cases of tabes and as a 
reflex symptom in pregnancy. Above all it is a symptom of the most various 
irritations and inflammations of the eye, such as foreign bodies in the con- 
junctival sac, or keratoconjunctivitis eczematosa. We have to determine first 
whether such a reflex irritation of the lacrymal gland is produced by disease 
of the conjunctiva or cornea in every case of ^iphora. These factors are 
excluded in this patient, who complains of a watery eye. 
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The next thing to be determined is whether the epiphora is due to ab- 
sence of driving power in the conduction of the tears. We meet with such 
a condition in facial paresis. The movement of the Hd in winking is the 
only driving element in the conduction of the tears, and this is absent when 
the orbicularis is paretic. The secretion of the lacrymal gland fails in 
many cases of facial paresis, because its innervation is paralyzed, but in 
such cases the consequent lagophthalmos very quickly produces a condition 
of irritation in the conjunctiva which causes an increased secretion on the 
part of this membrane, and, as the tears cannot be carried away, epiphora is 
produced, even when the branch of the facial that innervates the lacrymal 
gland is paralyzed, when the lesion is in or above the geniculate ganglion. 
Even when there are no other conditions of irritation of the eye the little 
fluid secreted by the conjunctiva suffices to form an accumulation along the 
lower lid, although it is not usually enough to overflow upon the cheek. In- 
complete coaptation of the lids may also occur, due to a shortening, or a 
notching of them, or in rare cases to a hypertrophy of the plica. None of 
these factors exist in the present case. 

When old people complain of epiphora the usual cause is an obstruction 
somewhere in the lacrymal passage. It may be situated in the puncta. Nor- 
mally the puncta are visible only when the lid is drawn out somewhat from 
the eyeball, but in old people the papillae, in which they are situated, may 
be elongated so that the puncta are no longer in apposition with the surface 
of the eyeball, but are directed upward or downward, dip no longer into the 
lacus lacrimalis, and thus the conduction of the tears is interrupted. It is 
also possible for the puncta to be stenosed, or obliterated. 

The canaliculus must be slit in all such cases. The margins of the wound 
must be exposed to the air for a few days, until they have become . covered 
with epithelium, in order to prevent their adhesion. I am apt to combine 
with the slitting of the canaliculus the excision of its posterior wall as recom- 
mended by V. Hofmann. The wall is seized with forceps and cut away with 
scissors, thus forming a larger groove, from which experience has taught us 
a better conduction of the tears may be obtained. 

Very often the puncta do not dip properly in the lacus lacrimalis be- 
cause of an ectropion of the lids, due to blepharitis, conjunctivitis, or other 
causes; when this condition exists the faulty position of the margin of the lid 
must be corrected first. 

The canaliculi may be obstructed in rare cases by concrements formed by 
proliferations of streptothrix. They may be distended in places by these de- 
posits, and the walls may become inflamed. In such cases the canaliculi are 
to be slit and the concrements removed. 

The obstruction is ordinarily situated in the nasolacrymal duct, either at 
the commencement of the bony canal, or at its opening into the nose. Stric- 
tures form at these places which interfere with, and often absolutely prohibit, 
the passage of the tears. The formation of such strictures is favored by the 
narrowness of the canal, and also by its anatomic structure. 

The causes of these strictures are to be found chiefly in the diseases of 
the nasal mucous membrane, which are apt to extend to the mucous mem- 
brane that lines the nasolacrymal duct. The nasal diseases that are prin- 
cipally responsible for them are hypertrophic and atrophic rhinitis, but syph- 
ilitic and tuberculous ulcerations and inflammations may also produce them, 
as well as, occasionally, polyps and injuries of the nose. Hence the s3^mptom 
of epiphora may be due etiologically to a disease of the nasal mucous mem- 
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br&ne. Some of these cases need to be turned over to the rfainologist for 
treatment, but we can treat the larger number of them. Our chity is to cure 
the stricture and restore the way for the passage of the tears. In order to 
ascertain whether our suspicion is correcrt, that in this case there is stenosis 
of the nasolacrrmal duct, we test the duct to learn whether fluid can pass 
through it. 

I will illustrate this procedure first on a healthy person : The lower cana- 
liculus is dilated with a suitable probe, the needle of an An^Ts syringe is intro- 
duced into the lacrymal sac and then a salt solution, stained with fluorescin, 
is carefully injectecL The patient bends his head forward and the fluid runs 
out of his nose. This experiment may succeed even when the sac is diseased 
and a stricture is present, for the injection of fluid under such a pressure may 
render the passage permeable for the moment, and it stiU needs to be proven 
whether the passage is open under physiological conditions. To make this 
test we instill a solution of fluorescin in the conjunctival sac, the patient winks 
a number of times and then, under normal conditions, after a few minutes the 
stain appears in the nose. Nothing of the sort takes place in our patient, 
and this makes the diagnosis of stricture almost certain, but for absolute proof 
we have to introduce a probe. 



n. Introduction of Probes and Treatment of Strictures of the 

Nasolacrymal Duct 

Probing of the lacrymal duct must be performed with the greatest care« 
with a gentle hand, and all violence that might lead to the creation of a false 
passage must he avoided. Some cocain is first instilled into the conjunctival 
sac, then the punctum is dilated with a small, blunt needle« if it is too small 
to admit of the entrance of the probe pointed canaliculus knife« a little cocain 
b injected into the canaliculus by means of a small syringe* and tlien the 
canaliculus is slit. In many cases a probe may be passed without a previous 
slitting of the canaliculus, but it is passed more easily after this has been 
done. The upper canaliculus may be slit for cosmetic reasons, especially in 
women, but usually the operation is performed on the lower one. If the right 
eye is to be probed, we stand behind the patient ; if the left, we stand in front 
of him. 

We first draw the lower lid outward and downward with the thumb of the 
left hand, so as to make the punctum easily accessible. ' We introduce the 
probe point of a flVfcrr'* knife vertically into the vertical portion of the 
canaliculus, bring the knife to a horizontal position, so it can be passed along 
the horizontal portion toward the nose, keeping its edge directed upward and 
somewhat backward so as to cause the incision to be situated toward the inner 
edge of the lid, and then push it forward until it strikes bone, mhen we know 
that it has reached the nasal wall of the lacrymal sac. As a precautionary 
measure we draw the knife back and forth a few times so as to be sure that 
its point moves freely in the sac and has not driven a fold of the mucous mem- 
brane before it. Then the handle of the knife is raised until it is in a vertical 
position and the canaliculus is slit. The length of the incision varies: it 
should be for the entire length of the canaliculus if it is desireil to excise the 
posterior waU, as recommended by r. Hofmann. Probing al'K) i^^ easier when 
the division is complete. We next inject a few drops of a 2*"*- solution of cocain, 
with some adrenalin added, into the lacrymal sac and introduce the probe. 

Binnman's probes are made in various sizes. We take first a small one. 
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introduce it in the same way as the knife until it impinges on the bone at the 
nasal side of the sac, while the lower lid is tensely stretched outward. When 
the probe has entered well into the lacrymal sac it is raised to an upright 
position with its concavity forward, so that its point is directed to the 
angle between the wing of the nose and the cheek, before we begin to pass 
it down through the sac into the nasolacrymal duct. The two passages diverge 
downward. Now we pass the probe very carefully down into the nose and have 
overcome some strictures. The resistance of the suspected stricture can be 
felt in this case at the entrance of the bony canal and also at its lower end. 
Usually the patient states when he feels the probe in the nose, but we can 
perceive when this end has been attained by the position of the probe, with its 
plate lying on the brow. If the attempt to pass the probe is not successful 
no force should be employed, but another attempt may be made in a few days. 
Every attempt will fail when the stricture is bony and cannot be passed. 

Unfortunately, strictures that can be overcome reform very quickly, so we 
have to repeat the probing every few days, and to try to pass a larger one 
each time so as to dilate the stricture. The probe should be left in position 
for several minutes. 

If the patient cannot come with sufficient regularity for this treatment, 
but yet can remain under the care of a physician, we introduce a style for 
the purpose of securing dilatation. Styles may be left in place for several 
weeks, under certain circumstances; they usually become loose and fall out 
when the patient is washing. There is no doubt that this form of treatment 
with probes may cure both the epiphora and the strictures, but the percentage 
is very small in which permanent relief is given — my estimate is from 5 to 10%. 
More often there is a recurrence after a while, or there is no improvement at 
all. This is due to the nature of the fundamental disease in the nose. Probing 
is painful, in spite of cocainization, and little liked by patients, but if a 
stricture is allowed to persist chronic dacryocystitis develops. If we have to 
deal with a continually recurring tumefaction in the nose the inferior tur- 
binate may sometimes have to be resected. When the epiphora occasioned 
by a bony stricture without suppuration of the lacrymal sac is very trouble- 
some we may help the patient by extirpation of the palpebral lacrymal gland. 



109. Chronic Catarrhal Dacryocystitis and Extirpation of the 

Lacrymal Sac 

I am able to demonstrate by this patient the clinical picture that appears 
in a later stage of such a case of stenosis of the nasolacrymal duct as we 
have just seen. This woman complains of epiphora that is particularly marked 
when she is exposed to the wind and weather, that she has had pus in her 
€yes for a long time, that her lids are stuck together in the morning and that 
her eyes bum, especially in the evening. These symptoms are indicative of a 
chronic conjunctival catarrh, but something else is also present. The epiphora 
awakes a suspicion of disease in the lacrymal organs, and we find a swelling 
as large as a bean at the inner canthus of one eye, in the region of the lacrymal 
sac. The skin over the swelling is perfectly normal and freely movable. The 
swelling itself is not sensitive to pressure, but it becomes smaller when pressure 
is made upon it, while a mucopurulent secretion exudes from the puncta into 
the conjunctival sac. 
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L Diagnosis of Qironic Catarrhal Dacryocystitis 

This leaves no doubt that we have to deal with an inflammation of the 
mucous membrane of the lacrymal sac, and we have thus far learned these 
facts in regard to diseases of the lacrymal duct: 

1. No such inflammatory secretion of the mucous membrane need be pres- 
ent in a simple stricture of the lacrymal duct, even when it is situated in the 
nasolacrymal duct. The symptom of stricture is epiphora, but its presence 
can be demonstrated only by means of a probe. 

2. When the mucous membrane of the lacrymal sac becomes inflamed a 
pathological secretion is formed which can be pre"Ssed out of the sac by the 
finger. The finger must instinctively seek the lacrymal sac as soon as suspicion 
of a dacryocystitis arises, and such a suspicion must be excited whenever we 
meet with a chronic conjunctivitis of one eye alone, for which no other satis- 
factory explanation can be found. The purulent secretion that constantly 
escapes from such a lacrymal sac irritates the conjunctiva and maintains the 
inflammation. 

3. The course of a chronic catarrhal dacryocystitis does not end in the 
formation of a secretion. The diseased lacrymal sac may enlarge considerably, 
even to the size of a walnut, and when such an ectasia of the sac is present 
the chronic dacryocystitis may be diagnosed from its appearance, even without 
the pressure of the finger. The diagnosis is extremely easy in every case, yet 
how often is the disease overlooked! 

n. Etiology and Course of Chronic Catarrhal Dacryocystitis 

I always emphasize the designation chronic catarrhal inflammation. This 
dacryocystitis is an extremely chronic disease which develops insidiously and 
may last for decades under certain circumstances. Its usual origin is as fol- 
lows: The normal conjunctival sac contains infectious germs and pus agents 
which ordinarily are carried by the tears into the nose without trouble, but 
when a stricture has been formed in the nasolacrymal duct not only are the 
tears retained in the lacrymal sac, but an ever increasing number of pus agents 
accumulate in it. The patient has a simple epiphora and for a long time the 
pus agents die oflF, until finally a larger number, or more virulent ones, gain 
a foothold. Then they begin to multiply, to settle in the mucous membrane 
and the inflammation of the latter has begun. The mucous, or purulent, secre- 
tion, if examined in this stage, is found to contain numerous pneumococci, 
staphylococci, streptococci and other inflammatory agents. Microscopically the 
mucous membrane of the lacrymal sac appears to be thickened and infiltrated 
with pus cells. 

At the height of the disease the eye lacrymates, the conjunctiva is in a 
constant state of catarrhal irritation, and large quantities of pus are present 
in the lacrymal sac. The patients notice their . condition very soon and are 
accustomed to press out the contents of the lacrymal sac and to wipe out the 
eye, but the pus usually reaccumulates in a very short time. Tlie disease may 
remain in this stage for a long time until some day an acute phlegmonous 
inflammation of the lacrymal sac and of the surrounding cellular tissue sets in. 

If this does not happen the lacrymal sac goes on suppurating incessantly 
and the mucous membrane gradually becomes atrophic. This is perceived 
clinically from the fact that the secretion gradually loses its purulent char- 
acter and becomes more mucous, and then thin fluid. The form of the sac 
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abo is dianged. Its oontinuoos distcotioii, together with the atiaphj of the 
mucoiis membnuie, results in the gradual loss of elastidtj br the valL The 
ImcTjmMl smc becomes more and more di^mdfd until its anterior wall, in whidi 
the elastic el ements are less derdoped, gi^es war. The enlarged sac causes the 
skin that corers it to bulge forward, and forms an elastic tumor beneath the liga- 
ment of the inner canthus, its wall thickened, its dasticitT lost. This condition is 
known as ectasia and aUmj of the lacnrmal sac Etcu if the patient still 
delajs, the increasing size of the tumor wiU finaDj lead him to the phjsician. 

Usuallj when we press upon such an ectatic lacrrmal sac its contents wiD 
be emptied into the conjunctiTal sac, but it sometimes happens that thej are 
eracuated into the nose, and cases hare in fact been met with in which the 
outlet was obstructed in both directions, so that the cootoits could not be 



We hare assumed that strictures in the nasolacrrmal du<rt necessarilT pre- 
cede the dendopment of such a dacr % oc \ st itis, but I do not question that it 
maj originate in another war. The inflammatory agents coming from the con* 
junctiTa may obtain a foothold in the epithelium witlKiut any s trict ur e being 
present, and therefore a purulent catarrh of the mucous membrane may be 
present even when the passage i» still free. The irrigating fluid does not meet 
with the kast obstruction in <uch cases. The passage may remain open for 
a long time and the stricture may finally be not the cause, but the result of the 
dacryocystitl<». The ordinary pus agents are the ones that are usually found, 
but in rare ca.'^es tuberculosis has established itself in this manner in the mucous 
membrane of the lacrrmal sac. 

m 

UL Treatment of Dacryocjrstitis and Ertirpation of the Lacrymal Sac 

The treatment of chronic catarrhal dacryocystitis is extirpation of the 
lacrrmal sac. The question may be raised why such a radical procedure should 
be adopted. Entirely aside from the troublesome epiphonu the continual irri- 
tation of the conjunctiva, the constant purulent condition of the eye maintained 
by the dacryocystitis, and without reference to the fact that such people are 
apt finally to develop a serious cellulitis, which alone is enough to render the 
timely abolition of the disease desirable, the lacrymal sac should be extirpatt.d 
because of the relations of chronic catarrhal dacryocystitis to u'rus serpens, 
which destroys thousands of eyes every year. As long as the epithelium of the 
cornea is intact the eye may be bathed in the pus with impunity, but as soon 
as the sUghtest lesion appears in the epithelium infection takes place, for 
pneumococci are present in the pus of the lacrymal sac. In addition^ to thi>« 
dacryocystitis is a disease of the laboring classes, among whom ulcus serpens 
also prevails, while it is rarely met with in the better situated classes of society. 
Dacryocystitis must be considered a serious disease because of this danger with 
which it threatens the eve. 

l>\lien speaking of simple strictures I said that the etiological treatment 
of diseases of the lacrymal passages was of little value. This is true to even a 
greater degree in dacryocystitis. The dacryocystitis usually persbts. or read- 
ily recurs, whether we treat the nasal disease or not, therefore treatment must 
be locaL Many attempts have been made to do away with the strictures by 
the passage of probes, and to arrest the inflammation of the mucous mem- 
brane by irrigation with such astringents as weak solutions of zinc, or such 
antiseptics as hydrargyrum oxycyanatum, 1 : 2000 or protargol 1 to 4'1. 
When this treatment is to be tried the irrigation must be performed regularly 
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at intervals of eight or ten days in connection with the passage of probes, 
and must be done with great care. The canula must be in a good position, so 
that salt solution stained with fluorescin flows smoothly through it out of the 
nose, before the antiseptic fluid is introduced, for if the wall of the lacrymal 
sac be injured, or a false passage created, this remedy will cause a severe and 
persistent oedema about the sac. When pneumococci were present in the pus 
I have tried irrigation of the lacrymal sac with a dilute solution of pneu- 
mococcus serum instead of an antiseptic, and prefer such a solution to any 
other, but a real and permanent cure of dacryocystitis is obtained by irriga- 
tion in only a very small percentage of cases, for the unfavorable hygienic 
conditions, the lack of cleanliness, and the existing nasal disease cause recur- 
rences very easily. Moreover, the entire treatment with probes is painful, 
demands several weeks, and many patients avoid it. I do not understand 
how this form of treatment of dacryocystitis can still be called successful in 
modern textbooks. The facts show, on the contrary, that it is one of the 
most unsuccessful forms of ophthalmic therapy. In numerous cases of chronic 
dacryocystitis no cure can be obtained in this conservative way. There are 
the cases of ectasia of the lacrymal sac in which the probes may pass quite 
smoothly, revealing no appreciable stricture, and yet recovery cannot take 
place because the elasticity of the wall of the lacrymal sac has been lost by 
atony, and so the most important factor for the conduction of the tears is 
absent. Even when no such atony is present many cases of dacryocystitis can 
no longer be cured after the disease has lasted several years. 

It is also impossible to cure a dacryocystitis when bony strictures are pres- 
ent, which result from syphilitic, or tuberculous, nasal disease. If we touch 
bare bone with the probe we need make no further attempt to preserve the 
lacrymal sac, and I will quote here the words that Kuhnt uses in his "Therapy 
of Conjunctivitis Granulosa." 

"If patients who have been discharged apparently cured after a tedious 
and painful course of treatment with probes are seen again a year later it 
will be found in more than nine tenths of the cases that the supposedly cured 
disease is not only as bad as ever, but is worse, whenever possible." 

This form of local treatment is of benefit to only a few patients. In the 
great majority, particularly among people of the laboring class, nothing but 
the operative removal of the diseased lacrymal sac should be considered. Very 
many eyes can be protected against ulcus serpens by the timely removal of 
this source of infection. It is to the credit of Axenfeld that he energetically 
advocated this prophylaxis of ulcus serpens, and most modern ophthalmologists 
are convinced of the prophylactic value of this operation. 

The Extirpation of the Lacryvial Sac 

The lacrymal sac may be extirpated under local anaesthesia after thorough 
disinfection of the surrounding skin. We inject 2 ccm of a 2% solution of 
novocain, to which a few drops of adrenalin have been added, subcutaneously 
in the neighborhood of the lacrymal sac. The skin is made tense by being 
pulled toward the outer canthus, so as to render distinct the situation of the 
ligamentum canthi internum. An incision is then made through the skin at 
the inner canthus, beginning about 0.5 cm above the ligamentum canthi in- 
ternum, running downward with a gentle curve outward 2.5 cm, to a point 
0.5 cm above the commencement of the bony canal, laying bare the white, firm 
tissue of the ligament of the internal canthus. The top of the lacrymal sac 
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lies behind and extends somewhat above this ligament. If the lacrymal sac 
is not yet visible we feel for the crista lacrimalis of the lacrymal bone and 
make an incision along its edge, which brings into view the bluish gray anterior 
surface of the lacrymal sac. Next we dissect free the inner wall of the sac 
with a small raspatory, and then we have to decide, from the size of the sac, 
whether to cut through the ligament of the inner canthus or not, in order to 
get at the top. Many operators avoid injuring this ligament, I usually divide 
it. We now seize the lacrymal sac and free the apex and posterior surface 
with a pair of scissors curved particularly for the purpose. The most difficult 
part, if one may be permitted to speak of difficulties in this little operation, 
is the dissection of the outer surface of the sac, which is directed toward the 
orbit. I prefer to do this with a delicate knife rather than with scissors. 
After the sac has been freed on all sides it is lifted up and cut away with 
scissors at its entrance into the bony canal. We now use a sharp spoon to 
scrape the place where the sac has lain, to make assurance doubly sure, and 
curette out the nasolncrymal duct, not only to provide for drainage into the 
nose, but also to remove all traces of mucous membrane, which must not be 




Fig. 82. — Mueller's Retractor for Extirpation of the Lacrymal Sac. 

allowed to remain, as they will interfere with the healing of the wound. The 
cavity is then washed out with salt solution, inspected to see that everything 
is right, and the wound is then closed with a few sutures. The hemorrhage, 
which sometimes is considerable, must be arrested. The after treatment is very 
simple. During the first day the cavity of the wound is firmly compressed 
by a dressing and bandage. The sutures are removed in from five to seven 
days and collodion may be applied for several days longer. 

Like many other operators I include in this operation the extirpation of 
the palpebral lacrymal gland. Anatomical researches have shown that the 
excretory ducts of the orbital lacrymal gland are connected with the palpebral 
gland, and therefore it is conceivable that when we extirpate the palpebral 
gland the excretory ducts of the larger orbital gland are destroyed with it. 
In this way we may diminish the function of the larger gland and so avoid the 
epiphora that results from the removal of the lacrymal sac, for it is to be 
expected that the orbital gland itself will undergo atrophy when its excretory 
ducts have been destroyed. We meet with an atrophy of the lacrymal gland 
in extensive cicatricial contraction of the conjunctiva, which is evidently caused 
by the occlusion of the excretory ducts. Schirmer found that after the ex- 
tirpation of the palpebral lacrymal gland the secretion of tears was not only 
diminished, but entirely abolished. 

We need now to consider the behavior of the eye after extirpation of the 
lacrymal sac. It is self evident that the conduction of the tears is completely 
abolished after the removal of the sac, but this conduction has been destroyed 
previously. Besides, the continual inflammation of the conjunctiva and the 
reflex irritation of the lacrymal gland, that existed before the operation. 
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have been done away with, so that tlie eyes do not lacrymate as much after 
the operation as was to be feared. 

When such cases are studied more carefully it is found that a drop will 
overflow the lid margin only about once an hour while the patient is in the 
house, and in many cases the production of tears is still less. The patients 
need to wipe their eyes only at long intervals, as long as they remain indoors. 
It is therefore a characteristic statement of persons who have had this opera- 
tion performed on them that they prefer to remain in the house. Such eyes 
lacrymate much more out of doors, and therefore it is advisable to remove the 
palpebral lacrymal gland at the same time, when the operation is to be per- 
formed on people who have to work in the open air. Even then the eye is by 
no means dry, for the conjunctiva produces a sufficient quantity of fluid to keep 
the eyeball moist. When it is also borne in mind that many dangers to the 
eye are obviated by this means, this little operation cannot be too strongly 
recommended for the treatment of chronic dacryocystitis, in spite of the slight 
inconvenience occasioned by the epiphora. 

The cosmetic effect could not be better. A priori it would be thought 
that a deforming scar would remain after the extirpation, but I assure you 
that it is difficult to detect the cicatrix fourteen days after the operation has 
been performed. 

This little child has a congenital dacryocystitis. If we press upon the lac- 
rymal sac pus is evacuated through the puncta. but the eyes are otherwise 
healthy. 

Ordinarily the nasolacrymal duct opens shortly before birth, but some- 
times it does not. Bacteria soon settle on the eye of the infant and pass with 
the tears into the lacrymal sac, along with mucus and desquamated epithelium, 
and in a short time a decomposition of the secretion and a catarrh of the lac- 
rymal sac begins. It is of practical advantage to know that the prognosis 
of this form of dacryocystitis is very good. We need only to teach the mother 
to press the contents of the sac out regularly and the passage iiito the nose 
will soon open spontaneously. If the suppuration should not disappear in a 
few days the stenosis may be easily removed by the careful passage of a probe. 
Spontaneous recovery is rare in the chronic dacryocystitis of adults, but it is 
the rule in the congenital form. 

1 10. Dacryocystitis Phiegmonosa and Fistula of the Lacrymal Sac 

This patient states that he has had epiphora of the right eye for years, 
and that he has long been accustomed to press pus out of his lacrymal sac. 
This history makes it certain that he has been suffering from a chronic dacryo- 
cystitis. Two days ago he was seized with headache, fever, and severe pain 
in the region of the lacrymal sac, which became swollen and red. The clinical 
picture now presented is not that of a simple, painless dacryocystitis, not that 
of an ectatic lacrymal sac; it is that of a phlegmonous inflammation. 

I. Qinical Picture and Differential Diagnosis of Dacryocystitis Phiegmonosa 

The skin in the vicinity of the lacrymal sac is swollen, tense, reddened, and is 
tender to the touch over the swelling. The inflammatory swelling extends to 
the lower lid, which looks oedematous. The yellow pus can be seen through 
the skin over the lacrymal sac. There is no doubt that this is an abscess near 
the point of rupturing externally. 
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This might be a subcutaneous abscess lying in front of the Iscrymal sac, 
caused by infection of a wound in the skin, or a furuncle, but in that case the 
patient would not give a history of chronic lacrymal trouble. Such abscesses 
in fact do occur outside of the lacrymal sac. but in such a case the lacrymal 
tract must be normal and we can syringe fluid from the puiictum through the 
lacrymal duct. 

Another possibility is that it might be an empyema of the frontal sinus 
or ellimoid that bad broken through the tissues. In regard to this I wish 
to call attention to one clinical point: If we look carefully at our patient we 
shall see that the inflammatory swelling is confined to the region below the 
ligamentum canthi internum and extends but slightly above it. The swelling 
produced by the rupture of an empyema is situated for the most part above 
this ligament. 





Fig, 83.— Abscess of the Lacrymal Sac, 



We therefore conclude from the characteristic position of the swelling and 
the equally typical history that the cellulitis is etiologically connected with 
the chronic dacryocystitis. 

n. Origin and Course of Dacryocystitis Phlegrmonosa 

We understand by dacryocystitis phlegmonosa a purulent inflammation of 
the connective tissue about the lacrymal sac. It begins in the majority of 
cases as a chronic catarrhal dacryocystitis. The mucous membrane of the lac- 
rymal sac has been yielding a purulent secretion for a long time, often for 
years, because of a stricture in the nasolacrymal duct, and finally there comes 
a day when the pus agents, which have hitherto settled only in the fluid con- 
tents, and on the epithelium of the lacrymal sac, pass through the mucosa and 
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Fig. 85.— Phletmion of the Lacrymal 

Sac with Extensive Swelling of 
the Lid 



deTcloped and pcrforatcil externally, leaving nn open conmiunicAtion with its 
interior. In these mrc cases the pus agents that happened to enter the snc 
with the tears found their way through the mucous membrane and penetrated 
into the surrounding cellular tissue, although there was no stricture or previous 
dacryocystitis. 

Severe pain sets in as soon as the connective tissue about the lacrymal sac 
is infected, and the inflammatory swelling spreads rapidly, so tliat t!ie diag- 
nosis is unmistakable. In this stage the inflammation may still undergo involu- 
tion under the influence of moist, hot compresses, but usually it goes on to 
the formation of an abscess. The breaking down of the tissue into pus ex- 
tends, the skin becomes yellowish and finally perforation outward occurs. 
The perforation is usually situated in a very characteristic place below the 
ligament of the inner canthus, where we have to look for the nnteridr wall of 
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the lacrvnia] sac. In many cases, however, tlie perforation takes place farther 
down toward the cheek, when the abscess had burrowed somewhat before tiic 
perforation occurred. We will now relieve the pitin of our patient i 
as possible. 

HI. Treatment of Abscess of the Lacrymal Sac 

An attempt may be made in the earliest stages of an abscesa of the lacryit>"l 
sac to bring about an involution of the inflammation by rest in bed and moi«.t. 
hot applications, and this may often be accomplished, but all violent manipula- 
tion must be avoided. I do not think tJiat the application of ice cloths, which 
have been recommended, is suited for this purpose. When such an inflamma- 
tion is influenced beneficially it is through the hyperemia, not by its reduction, 
I do not consider rational the expression of the sac and the slitting recom- 
mended even in the later textbooks. Wlicn the inflammation is not very malig- 
nant we may leave it alone during the first stage, but if it extends and fornw 
a cellulitis the abscess is to be opened. 

We render the skin somewhat anitsthetic with a spray of ethyl chloride, 
and make an incision at least 2 cm long, so as to open freely the abscess cavity. 
This incision should be made rather to the nasal side and not toward the margin ■ 
of the lid, for otherwise an ectropion of the lower lid may easily be produced 
by the cicatrization when healing takes place. After the abscess has been 
opened we tampon the wound with gauze. The swelhng will go down in a few 
days if the patient is kept in bed and moist compresses arc applied; then it can 
soon be determined whether the wound closes after the evacuation of the pus 
and the lacrymal sac can be saved. Such a result is possible in many cases, 
but we must always consider whether it is for the best interests of the patient 
to save such a lacrymal sac, and this question is seldom decided in the affirma- 
tive when account is taken of the aptitude of the dacryocystitis to recur, and 
of the dangers that threaten the eye. If we wish to make the attempt we will 
pass probes after a few days and wash out the pus. At the same time the 
wound will be tamponed more loosely and its closure awaited. If, however, the 
preceding dacryocystitis had existed a long time, if the lacrymal sac is ectatic, 
or if insuperable strictures exist, extirpation must be perfonned after the in- 
flammation has receded. Tlie hemorrhage is greater, as a rule, than in otlier 
cases, and the entire thickened wall of the abscess must be carefully dissected 
away so as to save as much skin as possible. We tampon the wound for a few- 
days and then either suture secondarily, or await healing by granulation. The 
result is usually good. Careful precautions must be taken that not a particle 
of the wall is left behind in the enucleation of such a lacrymal sac, for if the 
least bit of the mucous membrane remains it may continue to secrete and cause 
a recurrence. 

Another consequence of an abscess of the lacrymal sac may be seen in this 
case. The essential feature of the clinical picture presented in this child la 
an opening below the region of the lacrymal sac surrounded by reddened skin, 
from which trickles a watery fluid mixed with mucus. This is a lacrymal 
fistula; a pathological communication between the interior of the lacrymal sac 
and the skin. This communication can be proved by the injection of some 
salt solution stained with fluorescin into the lower canaliculus, which escapes 
through the fistula. Sometimes the mouth of the fistula is temporarily oci-lude<l 
by dried secretion, so that the fluorescin does not appear, but this must not 
arouse the hope that the fistula is permanently closed, for the spontaneous 
healing of a fistula is one of the greatest of rarities. The wall of the fistula 
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consists in great part of mucous ntembranc which secretes. When the trouble 
has lasted a long time the fistula may become so very small that only a minute 
opening appears in the skin, from which a drop occasionally exudes upon the 
cheek. It is then called a capillary fistula. The purulent catiirrli of the lac- 
rymal sac has then disappeared, nothing reniiiins of the inflammatory redness 
of the skin, and in many cases it is necessary to make pressure on the sac in 
order to express a drop from the fistula and so locate its opening. 

A fistula is produced by a perforation of an abscess of the lacrj-mal sac, 
but it must be remembered that the abscess may burrow as far down as the 
upper lip, or laterally beneath the skin of the cheek, before perforation takes 
place. 

The treatment of a fistula is as follows: If it still contains large granulations- 




FlG. 86.— Fistula of the Lacrymal Sac. 

it is curetted with a sharp spoon, tamponed, and the wound is allowed to become 
clean. Then the listula is extirpated together with the lacrymal sac. In the 
case of a capillary fistula, spontaneous healing is prevented in part by the 
fact that it is lined with epithelium, when there is no inflammation present. If 
an attempt is to be made to save the sac the strictures in the nasolaer\nnaI duct 
must first be removed, then the fistula may be excised and the wound closed 
with sutures, but such a removal of a lacrymal fistula is difficult, and it is 
best to associate it with extirpation of the entire sac. ^ 

When we mentally review the diseases of the lacrymal passages that have 
been described we recognize that the epiphora, the strictures of the nasolac- 
rymal duct, the chronic catarrhal dacryocystitis, the abscess of the lacrvmal 
sac, and the lacrymal fistula are only individual links in a chain of diseases. 



436 INJXAMaiATIONS OF THE LACRVSIAL GLAND 

This is a branch of ophthalniotogy in which the general practitioner can talw| 
an active part hy timely recognition of the trouble, by proper care and 1 
timely treatment. 



. 



HI. Diseases of the Lacrymal Gland 

Diseases of the lacrymal gland are very rare, although affections of the" 
lacrymal aac and of the nasolacrymal duct are coninioir. The principal reason 
for this is that the continuous stream of fluid from its efferent ducts prevents the 
entrance of microorganisms into the tissue of the gland, even though inflamma- 
tory agents are constantly present in the conjunctival sac, and, therefore, whei 




Fig. 87. — Daeryoadenitia of the Left Eye. 

we meet with an inflammation of the lacrymal gland we usually suppose that t 
infectious germs reached it endogenously. The gland is also protected from i 
jury by its pi^ition beneath the margin of the orbit. Its diseases are dividi 
into two groups, inflammations and tumors, which may be differentiated by i 
history. 

L Inflammations of the Lacrymal Gland 

This patient, a man of middk- aye. lins a gonorrlutal urethritis. He I 
had for several days a painful fwdling of both knee joints, and also an acute ' 
swclhng in each upper Hd, associated with some fever. The outer part of the 
upper lid of each eye is somewhat swollen. The palpebral fissure is rather 
small in its outer part and has a very characteristic form, resembling a para- 
graph. The outer portion of the conjunctiva bulbi is rather chemotic 




hemotic Tbfl.J 
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swollen, very sensitive palpebral lacrymal gland may be felt distinctly beneath 
the outer part of tlio lid. Although at first glance this may be taken to be 
nn inflammation of the lid, yet the fuct that the affection is bilateral, together 
with its connection with the joint diisctise and the characteristic localization, 
indicates that it is a metastatic disease cf the lacrymal gland due to the 
gonorrhoea. Wc order quiet rest in bed, wet packing to the joints, and moist, 
hot compresses on the eyes. If the inflammation goes on to the formation of 
an abscess, an incision will have to be made into the gland. 

Other inflammatory agents besides gonococci may excite dacryoadenitis 
purulenta by metastasis. More or less acute inflammations of the lacrymal 
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Fig. 8S.— D aery o adenitis of the Riffht Eye. 

glands have been observed after influenza, measles, scarlet fever, diphtheria, 
and typhoid fever, but these cases are rare. I wish, however, to call attention 
particularly to an inflammation of the lacrymal gland that is analogous to, 
and occurs simultaneously with, the inflammation of the parotid gland, known 
IIS parotitis epidemica, it is called mumps of the lacrymal, gland. Rare cases 
of tuberculosis of one or both lacrymal glands have been met with; the in- 
sidious course of such a case will indicate its nature. It has been mentioned 
already that the lacrymal gland may become atrophic when its emunctory ducts 
have been occluded by cicatrization. Lacrymal fistuls arc seen in rare cases, 
when the pus in an abscess of the gland has ruptured externally. 

n. Tumors of the Lacrymal Gland 

First among these come the peculiar cysts that start in its emunctory ducts. 
A globular, tense, painless tumor, which is enlarged by weeping, is found in 
the outer angle of the upper transition fold. Such a tumor must be removed 
by extirpation of the cyst wall. Another benign tumor is the lymphoma, which 
is usually bilateral, occurs in the course of a Icuca'mia, and is quite amenable 
to treatment with arsenic. Sarcoma and adenosarconia are the principal malig- 
nant tumors met with. They occur usually only on one side. Wc are fr^ 
quently obliged to perform Krocnlein's resection of the outer wall of the orbit 
in order to obtain convenient access to these tumors, and to remove them. 
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Diseases of the Orbit 



1 12. Exofrfif halmos, the Cardiiial Sympumis of Diseases of the 
Orbit, and the Method of Diagnosis in Such Diseases 

The most promiDent sjmptoni presented bv this patient is a high degree 
of exophthafanos, and I vish to impress indeliblv two things: first, that exoph- 
thahnoft is the cardinal srmptoni of most diseases of the orbit: second, how 
to discorer the cause of the exophthahnos in a giTen case and so make the 
diagnons. We shall see repeatedly that the change in the position of the 
ejeball is the most important and most common symptom that betrays the 
prcKDoe of disea^ in the orbit. 

L Dii^giioeis of EzopbtfudmoB 

It is necessarr that we should know what is understood hr the term ex- 
ophthalmos, and be able to differentiate the condition from one in which the 
exophthalmos is only apparent. The enlargement of the very myopic eye may 
readfly simulate exophthalmos; when the walls of the orbit are imperfectly 
derdflped the eye gains a certain prominence : in corpulent persons the increase 
of the orbital fat may cause a protrusion of the eyes, and an apparent exoph- 
thalmos may be present when the development of the two orbits is asymmetrical, 
but we do not need to intervene in sudi conditions. 

We understand by exophthalmos, not a displacement of the apex of the 
cornea, nor a difference in the size of the eyeballs, but a displacement of the 
entire evebaU forward in the orbit. 

We must first know the normal position of the eyeball if we are to cor- 
rectly dkignose sudi an exophthalmos. When we look at the healthy eye of 
our patient we note that the apex of the cornea does not protrude beyond the 
margin of the orbit. Under normal conditions the eyeball does not lie exactly 
in, but some millimetres laterally from, the axis of the orbit, and b therefore 
somewhat nearer the temporal wall, whfle it is equally distant from the roof 
and the flcmr. It is secured in this normal position by a number of contrivances, 
a knowledge of which is essential before the diseases of this region can be 
understood. 

The position of the eyebaU, without regard to its size, is fixed in the first 
place by the cubic capacity of the orbit, which may be compared to a pyramid 
lying on its side, its base corresponding to the entrance of the orbit, its apex 
to the optic canaL In adults the cavity is about 4 cm deep and its cubic con- 
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tents is about 30 ccm. Its size varies at diflferent ages. In infants, in whom the 
accessory sinuses of the nose have not yet been developed, the orbit is rela- 
tively narrower than in adults. The size of its cavity, and the relations between 
its form and the development of the face is of great importance to the position 
of the eye. The ratio of its height to the breadth of its base, expressed in 
figures, is known as the orbital index. The studies of Ambialeiy Ash, and 
Fuerst have shown that the orbit is flatter, and the eye deeper in brachyce- 
phalia, while in dolichocephalia the eyeball is generally more protuberant. 

The position of the eyeball is fixed not only by the cubic capacity of the 
orbit but also by the mass of tissue contained in it, especially by the orbital 
fat and the vessels. The orbital fat serves not only as a protection for the 
nerves and muscles, but also as a cushion for the eyeball. In old people the 
fatty tissue becomes partially atrophic, so in emaciated and old persons we 
see the well known hollow about the margin of the orbit and the somewhat 
sunken eyeball. Inversely in corpulent persons the eyeball is made prominent 
by the increase of the orbital fat. Still, this cushion is not the most important 
factor that holds the eyeball in place; the retraction of the eyeball is quite 
moderate, even in high degrees of cachexia and atrophy of the cushion of fat. 
The character of the orbital vessels, especially of the veins, is of much greater 
importance. The orbital veins have no valves, and they are connected pos- 
teriorly with the venous sinuses of the brain, for the superior and inferior 
ophthalmic veins empty into the cavernous sinus after they have passed through 
the superior orbital fissure. Anteriorly they are united with the anterior facial 
vein and the external jugular, and the superior ophthalmic vein is connected 
with the ethmoidal vein of the nasal cavity. Thus the orbital veins have two 
outlets, one posteriorly into the cerebral sinuses, the other anteriorly into the 
facial veins. The eyeball must be forced forward whenever the orbital veins, 
are swollen. 

The ocular muscles naturally are preeminent among the means to hold the 
eyeball in position ; the four recti endeavor to draw the eyeball back into the 
orbit, while the two obliques try to draw it forward. The tonicity of these 
two groups of muscles are normally in equilibrium. We see that this is actually 
so in operations for strabismus. If we divide a rectus muscle a slight degree 
of exophthalmos is created because now the power of the obliqui preponderates.. 

Finally, the fascia of the orbit is by no means the least important factor 
in the maintenance of the position of the eyeball. The septum tarsoorbitale 
is stretched like a diaphragm in front of the entrance to the orbit, and is 
bulged forward somewhat by the orbital fat toward the lid. The eyeball is 
attached to this septum by bands of fascia that come from the ocular muscles. 
This fascia is particularly well developed in the anterior part of the orbit ; it 
surrounds the globe, under the name of Tenon^s capsule, and forms a sac in 
which the eyeball moves as in a ball and socket joint. Koenigstein sums up 
all these things in the following words: "The eyeball is so harnessed in the 
orbit that in its movements it always remains in its place, i.e., it rotates about 
one point of rotation. This is possible only through a combined action of all 
factors, which are the capsule of Tenon, the reflected layer of the muscular 
aponeurosis, the subconjunctival fascia, the fat, both lids, the ocular muscles 
and ligaments, the vessels and the nerves." 

Still, the normal position of the eyeball in the orbit is not immutably fixed ; 
it changes its position, although but slightly, under purely physiological 
conditions. 

Johannes Mueller ascertained that the eyeball advanced somewhat when 



the palpebral space was diluted, iind iiscribttl tliis phenomenon to the innerva- 
tion of the two obliqui, but more recent investigations hy Birch-Hirsthfeld 
make it probable that several factors cooperate to produce this result. When 
the palpebral fissure is narrow the orbicularis opposes the pressure of the 
contents of the orbit and presses gently on the eyeball. If tliis action is relaxed 
the eyeball may give way before the pressure of the tissues of the orbit. The 
active contraction of the levator also is to be added to the dilatation of the 
palpebral fissure, as it tends to stretch the septum orbitalc. As the latter bulges 
forward its increased tension exerts pressure on the tis.siies in the orbit, which 
may be transmitted to the eyeball. Birch-Hirschfdd has found that when the 
palpebral fissure is dilated the globe is moved about 0.9 mm forward and at 
the same time about 1 mm downward. 

Birch-Himchfeld has also shown by means of photographs that the eyeball 
protrudes a little from the palpebral fissure when we stoop. This is due to 
disturbances in the circulation of the orbital veins caused by the bent position 
of the head. When the head is in this position most of the blood in the orbital 
veins flows toward the vena facialis, while, when the head is erect, it flows into 
the cavernous sinus. Compression of the facial veins when the head is bent 
immediately produces a great protrusion of the eyeball. The eyeball does not 
protrude from the palpebral fissure when the head is bent in consequence of 
gravitation, but rather because of the congestion behind it. 

The eyeball can be caused to protrude one millimetre by compression of 
the jugular veins in the neck. Finally it may be mentioned that we know from 
Dojtders' investigations that the position of the eyes may change a little in 
deep inspiration with forced expiration, while nothing of the sort takes place 
in ordinary respiration. Thus we see that under certain conditions that are 
not morbid the eyeball can move slightly forward, and this renders easier of 
comprehension many pathological changes in its position. 

In this patient there is no question concerning the abnormal protrusion 
of the eyeball, but cases are met with in which the recognition of a very slight 
degree of exophthalmos is difficult. A good observer can certainly recognize 
most pathological cJianges in the position of the eye without mechanical aid, 
but for doubtful cases, and for control examinations to determine whether the 
exophthalmos is better or worse, wc need a more exact method of fixing the 
degree. Quite a number of different ex ophthalmometers have been invented 
for this purpose, among which tlic instrument devised by Hering and Sattler 
deserves mention. Very accurate measurements can be made with it, especially' 
when modified as suggested by Birch-Hirscbfeld. 

Hertel's instrument is very suitable for practical clinical purposes and we 
use it a good deal. It consists of two movable frames containing mirrors placed 
at an angle of •is" to the parallel optic axes, and a gauge. These frames are 
adjusted with their spurs at the angles of the orbits and then the reflection of 
the apex of the cornea is thrown upon the gauge where it is read off by the 
observer. The handiness and simplicity of Hertel's exophthalmometer render 
it preferable to the other instruments. 

After we have diagnosed an exophthalmos and determined its degree there 
is still one thing more for us to notice before wc can proceed to the diagnosis 
of the orbital disease; whether the eyeball is displaced directly forward, or is 
dislocated at the same time laterally or vertically. I call attention now to 
these displacements for this reason: Every observer who meets with an exoph- 
thalmos with displacement downward will assume quite involuntarily that the 
trouble is in the upper part of the orbit, and when the position is divergent 
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that the cause is on the nasal side. This is not necessarily the case, although 
it is frequently so. The eyeball may be rotated so as to be divergent by a 
tumor on the posterior temporal wall of the orbit. 

n. Method of Diagnosis of a Disease of the Orbit 

We know that this patient has an exophthalmos, we can express its degree 
in figures, and now we need to know its cause. 

Exophthalmos has many causes. From a purely anatomical standpoint 
the eye may be pressed forward from its normal position in two different ways: 
the factors that hold the eyeball back may give way, or the space within the 
orbit may be reduced. 

There is no difficulty in recognizing an exophthalmos due to a relaxation 
of the forces that hold the eyeball back in the orbit. In this class belong the 
slight degree of exophthalmos that may follow tenotomy of one of the recti, 
as well as the exophthalmos of oculomotor paresis, in which the tonicity of the 
recti is relaxed. It may also be mentioned that when the sympathetic is stimu- 
lated there appears, in addition to the dilatation of the pupil, the paleness of 
the side of the face and the increase of perspiration, a slight exophthalmos with 
dilatation of the palpebral fissure, which is often ascribed to the contraction 
of the musculus orbitalis. Probably the dilatation of the palpebral fissure suf- 
fices to explain this slight degree of exophthalmos. Inversely, we find in par- 
esis of the sympathetic a contraction of the palpebral fissure and a slight 
enophthalmos. The sympathetic supplies the musculus orbitalis, so in paresis 
of the sympathetic the resistance offered by this muscle to the retracting power 
of the recti is abolished, and therefore the eyeball is drawn a little into the 
orbit. Hence the question arises in any given case whether the cause may be 
nervous. Such a cause has been excluded in the present case. 

By far the commonest cause of exophthalmos is a reduction of the space in 
the orbit. This may be produced in two ways. One or more of its bony walls 
may be pressed in so as to encroach upon its space, or the contents of the 
orbit may be augmented. 

The first question therefore in this case is: Is this eyeball exophthalmic be- 
cause it can no longer be maintained in its normal position by its physiological 
strength, or is it due to a reduction of space in the orbit? The latter is the 
case. We cannot always differentiate whether the contraction of space causing 
the protrusion is due to the encroachment of the walls of the orbit, or to an 
increase of its contents. Both factors may unite to cause an exophthalmos in 
an inflammatory ectasia of one of the accessory sinuses. We need for further 
analysis a clinical classification of the forms of exophthalmos, and therefore I 
advise the following series of interrogations: Is the exophthalmos caused 1, by 
inflammation within or without the orbit .'^ 2, by a tumor? 3, by a vascular 
abnormality in the orbit? 4, by a metabolic disease, or by poison? 5, by a 
cranial lesion? 

The history is important in a case like this, and from it we learn that here 
the trouble may be of inflammatory origin. 

Next we palpate. We can insert the little finger to a fair depth into the 
orbit, we notice whether we can feel any point of resistance, or cause pain, and 
in this way we can often obtain important data. We also press the eyeball 
gently backward, and can frequently draw conclusions from the tenderness, 
or the lessened mobility. Then we test the excursions of the eyeball ; limitation 
of movement and diplopia are often concomitant, or secondary symptoms of 
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an exophthalmos. We also test the function of the eje and examine it with 
the ophthalmoscope. Important conclusions can be drawn from the results of 
these examinations concerning the orbital disease. 

In almost all of these diseases careful attention must be paid to the acces- 
sory sinuses of the nose, because many of them start from these sinuses. There- 
fore before forming an opinion concerning such cases we must know the rhino- 
logical condition and the findings on transillumination of the sinuses. We also 
need the assistance of the X rays in many cases of lesions of the margins of 
the orbit. 

The entire organism should be submitted to examination, because we meet 
with exophthalmos due to general disease, as in exophthalmic goitre. Equipped 
with this preliminary knowledge we may successfully study the subject of 
diseases of the orbit. 



113. Inflammatory Exophthalmos and the Importance to the Eye of 
Diseases of the Accessory Sinuses 

Our patient, a man of middle age, suffered from an acute infectious disease 
some weeks ago. After his recovery he continued to have severe pains in the 
brow and at the root of the nose, to which he paid no attention until three days 
ago. when he says he had a chill and his right upper lid became swollen. Since 
then the swelling and inflammation have increased rapidly. 

The right upper lid is quite red and swollen, particularly at the inner 
canthus. Pressure upon the bones in this region elicits pain. The eyeball 
protrudes considerably downward and outward, its movements are restricted, 
and the patient has diplopia. The vision is distinctly reduced and ophthalmo- 
scopically we find a neuritis. In this case, the clinical history of which has 
been outlined briefly, the differentiation between exophthalmos due to a cranial 
lesion, to a vascular anomaly, to a tumor, to metabolic disease, and to inflam- 
mation, is not difficult. The cause is proved to be inflammatory by the history, 
the objective lesions, the acute swelling and inflammatory redness of the lid. 
and the rapid development of the exophthalmos. When the eyeball is displaced 
under such circumstances we speak of it as an inflammutory exophthalmos. 

We must first briefly review the different types of inflammatory diseases 
tif the orbit, and their differentiation in individual cases, for in this way only 
can we determine the origin of the exophthalmos and the nature of the disease. 
I have drawn up a purely practical chart, so arranged as to begin with the 
rare affections and pass on to the common causes. An inflammatory exoph- 
thalmos may he produced 1, by syphilis and tuberculosis of the orbit; ft, by 
the extension of a thrombosis of the cavernous sinus into the orbit ; S, by a 
tenonitis; 4, by an inflammation of the retrobulbar tissue; 5, by an inflanmiation 
nf the wall of the orbit, or of its periosteum ; 6, by a disease of the accessory 
sinuses of the nose. 

L Exophthalmos Caused by Syphilis and Tuberculosis of the Orbit 

Syphilis is comparatively rare in the orbit; it forms about 0.02% of all 
eye diseases and between 1 and 2% of all syphilitic eye diseases; yet we cannot 
let the suggestion, that it may be the cause of any individual case of exoph- 
thalmos, pass entirely without notice, for a protrusion of the eyeball with in- 
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flammatory symptoms may be produced by a periostitis orbitae, both in children 
with hereditary syphilis, and in adults who have acquired the disease. Even 
a gumma situated in the lid may cause exophthalmos. The physician does well 
to consider first whether an exophthalmos is caused by syphilis, because if it 
b, the treatment is settled. Periostitis orbitae luetica may appear on the 
margin, or on the walls of the orbit. 

When situated on the margin it is usuaUy above, on the edge of the roof, 
where it produces a swelling of the lid with exophthalmos and displacement 
of the eyebaU downward. The swelling is exquisitely sensitive and gives rise 
to spontaneous pains, which are characteristically worse at night. These pains 
may precede the swelling a long time and may simulate those of trigeminal 
neuralgia. 

If the periostitis is situated more deeply in the orbit the roof is still specially 
predisposed to the attack. A tense swelling develops which simulates a tumor, 
and dislocates the eyeball not only forward, but outward. The similarity to a 
tumor is so great that the differential diagnosis must be weighed very care- 
fully. One point of differentiation is that the waU of the orbit is very sensitive 
to pressure in this form of syphilitic periostitis. The syphilitic disease may 
also be mistaken for empyema of the accessory sinuses wlien it is on the nasal, or 
upper inner wall of the orbit. 

Visual disturbances may be associated with the exophthalmos caused by 
syphilitic periostitis and the vision even may be endangered. Optic neuritis 
and contractions of the visual field are met with, which are due to the action 
upon the nerve of the inflammatory infiltration of the periosteum at the optic 
canal, or it may be to the circulatory disturbances occasioned in the vessek by 
the pressure of a gumma. 

Paresis of the ocular muscles may also be present. I wish to call atten- 
tion particularly to one symptom that is frequently ipet with in syphilitic peri- 
ostitis of the orbit — a peculiar disturbance of the sensibility of the cornea. It is 
finally determined whether syphilis is the cause by the general examination of 
the body, by W cLSsermanri* s reaction, and by the results produced by anti- 
syphilitic treatment. Such an exophthalmos, with its accompanying symptoms, 
retrogrades under the influence of large doses of potassium iodide with subse- 
quent energetic inunctions. The prognosis is generally good, though visual 
trouble may persist, and even death has been known to result from orbital 
syphilis. 

Tuberculosis of the Orbit 

This likewise is a rare disease. Its most common form, and that most 
easily recognized, is the tuberculous periostitis of the margin of the orbit. It 
is met with chiefly in children and young people, and frequently follows a 
contusion. A tender place develops quite graduaUy on the margin, usually 
in its upper and outer, or its lower part, together with a swelling of the lid, 
and may go on to perforation and the formation of a fistula. Bare bone may 
be felt with the probe, a sequestrum may be cast off, and finally a deeply de- 
pressed scar may be left, which produces an ectropion. The prognosis is 
usually good when the fistula is curetted, the sequestrum removed and the dis- 
eased portions of bone chiselled away. It is quite exceptional for a case of 
orbital tuberculosis like this to produce an inflammatory exophthalmos, such 
as appears when the tuberculosis attacks the retrobulbar tissues. 

Tuberculosis of the retrobulbar tissue is very rare. It differs from tuber- 
culosis of the margin of the orbit in appearing in advanced age, as well as in 
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the manner in which the infection takes place. A tuberculosis of the chorioid 
may perforate the sclera and spread into the orbit, or the infection may come 
from tht lacrjnial gland, as has been proved in several cases. Exceptionally 
also a tuberculosis of the lacrymal sac may extend to the nasal wall of the 
orbit. Cases have been observed by Sattler and Cirinciove in which a tnbcr- 
culosis of the optic nerve has given rise to an exophthalmos. Finally tubercle 
bacilli may reach the retrobulbar tissue by metastasis; in these cases the dif- 
ferentiation from a retrobulbar tumor is very difficult. Tuberculosis is ex- 
cluded in this case by the rapidity with which the inflammatory esophthitlnios 
developed. 

It should be mentioned in this connection that an actinomycosis of the orhit 
has been observed in some very rare cases, in which the infection carac froiu 
the mouth and the antrum of Highmore. These cases teach us that wc should 
examine the pus carefully in every case of orbital abscess. Infection of the 
orbit with glanders and with anthrax has been observed very rarely. Tetanus 
of the orbit is of much greater importance, for it is not so very uncommon 
for tetanus spores to be carried deeply into the orbit by foreign bodies, chiefly 
splinters of wood, where the anaerobic bacteria find a favorable opportunity 
for development. In such cases an inflammatory exophthalmos develops with 
symptoms of inflammation of the orbit, especially when other pus agents are 
also present, and when the symptoms of tetanus appear, stilTness of the ncclc. 
convulsions, spasms of the muscles of the throat, and facial paresis, the cause 
of the exophthalmos is evident. We sometimes find in the eye a meiosis with 
rigidity of the pupil, due to spasm of the sphincter. I mention this kind of 
esophthalmos only in order to impress the fact that the wound should be 
carefully cleansed after an injury to the orbit. It is also wise to give a 
prophylactic injection of tetanus serum in all cases in which the wounds of 
the orbit are dirtj', because experience has shown that it is too lute to use this 
antitoxin after the symptoms of tetanus have appeared. 



n. Exophthalmos Catised by Extension of a Thrombosis of the Cavemotts 
Sinus into the Orbit 

A comparatively rare form of exophthalmos is that in which the funda- 
mental cause is easily recognized to be sinus thrombosis. This form is excluded 
at once in the present case, for the serious cerebral disturbances met with in that 
disease could not escape notice. We will discuss more in detail in another 
place the eye symptoms that accompany sinus thrombosis. 

Marantic sinus thrombosis very rarely causes an exophthalmos. It is also 
comparatively rare for an exophthalmos to be produced by an otitic sinus 
thrombosis, which extends from the lower wall of the tympanic cavity to the 
transverse, or lateral sinus and causes exophthalmos only when the inflammation 
has reached the cavernous sinus and the ophthahnic veins. The oedema at the 
posterior margin of the mastoid is of diagnostic importance in otitic sinus 
thrombosis, as it is due to a thrombosis of the emissarium mastoideum. When 
we find an exophthalmos among the symptoms that indicate a sinus thrombosis 
the case is probably one of septic thrombosis of the sinus cavernosus. Accord- 
ing to Uhthoff, inflammatory exophthalmos is present in 72% of such cases. 
Another point of diagnostic value is the fact that other purulent diseases of 
the brain scarcely ever cause a secondary inflammation in the orbit, so if we 
meet with an inflammatory exophthalmos with cerebral symptoms we can make 
the diagnosis of thrombosis of the cavernous sinus with a fair degree of ccr- 
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tainty. The inflammation of the orbit may not follow a thrombosis of the 
sinus; the order of things may be reversed and a thrombophlebitis of the orbit 
may precede. Cellulitis of the orbit has also been known to cause sinus throm- 
bosis, so we have to try to prevent this occurrence in all cases of abscess of the 
orbit by the adoption of suitable surgical treatment. 

m. Exophthalmos Caused by Tenonitis 

Tenonitis is one more rare disease that may cause exophthalmos, which may 
be excluded in this case by its peculiar clinical nature. 

Tenonitis may be either serous or purulent. The characteristic features of 
the serous forms are: First, that, with more or less severe general symptoms 
and fever, the movements of the eye are attended with pain which is so severe 
that the patient prefers to turn his head rather than his eyes. This charac- 
teristic distinguishes tenonitis from other forms of inflammation of the orbit. 
Second, the conjunctiva presents a peculiar chemosis of a characteristic, pale 
yellow color. Third, the exophthalmos is not very marked. It may be added 
that the eye is exquisitely sensitive to the slightest touch. A rheumatic etiology 
can be demonstrated in most cases, so that tenonitis serosa may almost be looked 
upon as a metastasis of the still unknown agent of rheumatism into Tenon*8 
space. The prognosis of this form is good, the inflammatory symptoms usually 
pass away in a few days under antirheumatic treatment. The interior of the 
eye is but rarely involved. 

It is otherwise with purulent tenonitis. This is usually caused by influenza, 
but may be due to other diseases, or to injuries. I have seen a purulent tenonitis 
after an operation for strabismus. This form likewise develops an exoph- 
thalmos with pain and chemosis. 

The pus is apt to perforate Tenants capsule at the place of the insertion 
of one of the recti, so it is necessary in this form to open Tenants capsule and 
to drain Tenon*s space. The interior of the eyeball often suffers, either from a 
neuritis, or a purulent iridocyclitis. In such cases the infection of the interior 
of the eye is secondary, but this may be reversed, and a simultaneous infection 
of the uvea and of Tenon's space by metastasis is possible. 

IV. Exophthalmos Caused by Orbital Cellulitis 

Inflammatory exophthalmos may also be caused by the inflammation of the 
retrobulbar tissue called orbital cellulitis, which is a grave, acute disease that 
begins with serious general symptoms, fever and pain. The lids are much 
swollen, the conjunctiva is chemotic, the eyeball is usually displaced in the 
direction of the orbital axis, and its mobility is impaired. The protrusion of 
the eyeball needs no further explanation. The limitation of movement is due 
partly to the mechanical protrusion, partly to the simultaneous infiltration 
of the ocular muscles and the paresis of the nerves. The upper lid is swollen 
and hangs down from its own weight, but an injury to the levator and a true 
ptosis may be present. The pain also needs no explanation. It is well to know 
that it is dull and that it may be increased by movements of, as well as by 
pressure on, the eyeball, but points of tenderness, such as are met with in peri- 
ostitis and sinusitis, are not present. 

Orbital celluUtis varies a great deal in its course. Sometimes the swelling 
of the lid, the chemosis and the protrusion of the globe look threatening, and 
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yet no suppuration takes place; in other cases pus perforates in a very short 
time through either the lid or the conjunctiva, producing a fistula that may 
either last a long time, or may heal quickly. Gangrene of the greater part of 
the contents of the orbit has been observed in still other cases. All of these 
variations in the course depend on the virulence and the nature of the morbific 
agents, as well as on other conditions. It is unnecessary to enumerate the 
agents met with in retrobulbar cellulitis; staphylococci and streptococci are 
the principal ones, but pyocyaneus bacilli, typhoid bacilli and pneumococci 
are also found. 

Cellulitis of the orbit is an extremely dangerous disease, as is shown by 
the fact that the eye itself is often involved, and is rendered totally blind in 
20% of the cases. Transient visual disturbances are met with in niany other 
cases, and these disturbances may be considerable without any lesion that 
can be detected in the fundus. Inversely cases occur in which the vision is 
preserved in spite of the presence of a neuritis. Blindness is often associated 
with the picture of thrombosis and embolism of the retinal vessels. Retinal 
hemorrhages and optic atrophy may also be observed. The blindness may come 
on suddenly, or may develop gradually. As the visual disturbances are in no 
way due to the degree of the exophthalmos, for the vision may be perfect when 
the protrusion is of high degree, the question arises as to the nature of the 
-disease of the optic nerve that is found in cellulitis of the orbit. A uniform 
•explanation of this cannot be given, because both the ophthalmoscopic lesion 
and the degree and nature of the visual disturbance vary. Circulatory troubles, 
-compression of the optic ner\'e and of its vessels by the swollen contents of 
the orbit, and toxic effects, all have to be taken into account. Thrombophlebitis 
of the central vein plays an important part. Even when we find signs of a 
so called embolism of the central artery in cellulitis of the orbit, they are not 
due to a real embolism, but to a thrombosis of the central artery, which re- 
sults in simple optic atrophy. Occlusion of the central vessels is to be thought 
of primarily in a simple optic atrophy following an orbital cellulitis. A 
neuritis was situated in the posterior part of the optic nerve, when the vision 
improves after the involution of the cellulitis. When the visual disturbance 
-occurs suddenly, the cause must be either an occlusion of the central vessels, 
•or some other acute interference with the circulation. 

Corneal complications are met with in orbital cellulitis; perforatiag ulcers 
«nd phthisis bulbi are not of uncommon occurrence. 

When cellulitis of the orbit is bilateral, the inflammation may have passed 
from one orbit to the other by way of the cavernous sinus, or the venae eth- 
moidales may have furnished the path of communication. One orbit may also 
become infected from an accessory sinus and then the other, through the cor- 
responding sinus. 

Aside from these complications in regard to the eye, orbital cellulitis is one 
of the most serious diseases with which we have to deal, for a considerable num- 
ber of the patients, as many as 17%, according to Birch-Hirschfeld, die from 
meningitis, abscess of the brain, or thrombosis of the cavernous sinus. Investiga- 
tions have shown that the anatomical nature of orbital cellulitis is that of a 
thrombophlebitis, and it can therefore be understood that it extends primarily 
by way of the veins toward the brain and there causes a sinus thrombosis. Cel- 
lulitis has also been observed to perforate the bony roof of the orbit and to 
reach the brain in this way. Finally, it seems evident to me that pus agents 
may enter the blood from such a cellulitis and bring about metastatically an 
;abscess of the brain, or a meningitis. The inflammation has also been observed 
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to spread to the temple and the region of the parotid gland, and there to cause 
abscesses. 

Cellulitis is easily differentiated from a retrobulbar tumor by its sudden com- 
mencement and the grave inflammatory symptoms. The grave cerebral symp- 
toms in a case of thrombosis of the cavernous sinus cannot be overlooked, and the 
cedema over the mastoid may also be indicative. The differentiation from tenoni- 
tis may be more difiicult, but usually in the latter the exophthalmos is slight and 
the chemosis great, while in orbital cellulitis the exophthalmos is great and the 
chemosis slight. The differentiation of a periostitis of the wall of the orbit may 
present considerable difficulty, especially if it is associated with a cellulitis, but, 
as a rule, only one certain place in the wall of the orbit is affected in periostitis, 
and the eyeball is displaced laterally. 

The etiology of an orbital cellulitis must be taken into account in order to 
make the diagnosis, for the presence of this disease cannot be assumed offhand, 
when we see an inflammatory protrusion of the eyeball, unless its cause is known. 
Three general causes operate to produce inflammation of the retrobulbar tissue. 

Direct infection may result from injuries by foreign bodies and operations. 
The injury may be slight or severe; often it is caused by a foreign body that 
has been driven into the orbit. I once found in an orbital cellulitis, in a child, a 
piece of lead pencil 4 cm long. 

An orbital cellulitis of metastatic origin has been observed after puerperal 
fever and other infectious diseases, but such cases are exceptional. 

In most cases of orbital celltditis we must primarily consider whether the 
inflammation has not spread to the tissues of the orbit from the neighboring 
parts. 

Such an extension is recognized readily when the inflammation has spread 
from the eyeball. Thus in panophthalmitis the accompanying exophthalmos is 
caused by an inflammatory infiltration, or an cedema of the retrobulbar tissue. 
Likewise, the starting point of the inflammation is easily recognized when a 
purulent dacryocystitis infects the orbit. I have already demonstrated that the 
retrobulbar tissue can be easily reached from the lacrymal sac. The source of 
infection is also recognized immediately when an orbital cellulitis is due to a 
thrombophlebitis of the facial veins, as, for example, after a cellulitis of the lids. 

The physician is less apt to remember that the origin of an orbital cellulitis 
IS often elsewhere. ' The veins of the superior maxilla, of the buccal cavity, of 
the temporal fossa, and of the throat, are all connected with the veins of the 
orbit, and through them inflammations situated quite a distance away may excite 
an orbital cellulitis. Such a cellulitis may come from a parotitis, or a tonsillitis. 
All infectious diseases may cause first a sinusitis of the accessory sinuses and 
then secondarily an inflammation in the orbit. Usually, to be sure, a sinusitis 
produces first a disease of the bony wall and of the periosteum, but it may 
directly excite an inflammation of the cellular tissue of the orbit. The im- 
portance of diseases of the accessory sinuses with regard to the eye is indicated 
more and more in the clinical discussions of the day, and our interest in these 
diseases is still increasing. 



V. Exophthalmos Caused by Inflammation of the Periosteum and Wall 

of the Orbit 

An inflammatory exophthalmos can be produced not only by an inflamma- 
tion of the retrobulbar tissue, but also by inflammation of the wall and of the 
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periosteum of the orbit. A periostitis may be situated either at the margin, or 
more deeply on its wall. 

(a) Periostitis of the Margin of the Orbit 

The diagnosis of a periostitis of the outer margin of the orbit is easy. This 
girl, whom I have under treatment, had a firm, sensitive swelling on the upper, 
outer margin, in which fluctuation could be detected, when she entered the 
clinic. No exophthalmos accompanies a periostitis that is purely of the margin 
of the orbit, because the inflammation is situated in front of the septum orbitale. 
It is only when such a circumscribed periostitis develops into an abscess in the 
lid, as has happened in this case, that the condition becomes rather complicated, 
for it may be diflicult to trace the abscess of the lid to the periostitis. Exoph- 
thalmos can be produced only when the inflammation extends to the more deeply 
lying portions of the periosteum, or when the retrobulbar tissue has become 
infected. 

Generally speaking, the prognosis of a periostitis of the margin of the orbit 
is good. The focus of inflammation lies comparatively far from the brain, while 
the part of the bone affected lies in front of the septum orbitale, and is easily 
accessible. We need only to open the abscess freely and to drain it. If the in- 
flamuiation is not properly treated at the right time, and the abscess is allowed 
to rupture spontaneously, a fistula may be left through which bare bone may be 
felt with a probe. This may lead to further complications in the way of changes 
in the position of the lid. 

(6) Periostitis of the Wall of the Orbit 

The condition produced by a periostitis anywhere else on the w^all of the 
orbit is quite diflFerent. Its most prominent symptom is exophthalmos, to which 
a lateral displacement of the eyeball is usually added. Other symptoms are 
motor disturbances, diplopia, and such signs of inflammation as pain, fever, 
redness and swelling of the lids, perhaps nausea and vomiting. 

A very important symptom is a circumscribed place of tenderness on the wall 
of the orbit, from which we can sometimes draw conclusions concerning tlie 
origin of the disease. Symptoms of orbital cellulitis may also be present. 

A periostitis of the deeper parts of the orbital wall differs from a periostitis 
of the margin, not only in its diagnostic points, but above all in its prognosis. 
It is always a very serious disease. The sight of the eye is greatly endangered ; 
blindness may be caused if the periostitis extends toward the apex of the orbit, 
to the optic canal. The dural sheath of the optic nerve is continuous with the 
periosteum, so the nerve may be compressed at this point and caused to atrophy, 
or circulatory disturbances may be produced in the nerve which result in optic 
neuritis, and central or peripheral scotomata. The exophthalmos naturally 
places the cornea in danger of xerosis. 

Such a periostitis may have other serious consequences. A large, or a small 
piece of the bony wall may become necrotic, and be cast off so as to form a 
fistula. Such a grave periostitis may extend to the meninges and cause death by 
abscess of the brain and meningitis. A communication between the cavities of 
the orbit and of the skull may readily be brought about by necrosis, especially 
when it is situated on the upper wall, which is very thin. The mortality from 
this form of orbital periostitis is over 10%. 

The treatment must therefore be very energetic. I have never contented 
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myself with a small puncture, but Imvc soiiglit out the focus of pus after laying 
bare the margin of the orbit hy an incision through the soft p»rts, and after 
detachment of the periosteum. In this way we arc pretty certain to find any 
subperiosteal abscesses, as well as any retrobulbar foci of pus that may be 
present. Opening of the periorbital tissue must be avoided as much as possible 
OS long as the retrobulbar tissue is intact. All this can be done much bettor 
when the margin of the orbit has been laid bare freely, as has been rightly main- 
tained by Birck-Hirschfeld, than by the old method of puncture, which is still 
recommended in some textbooks. The temporary resection of the outer wall of 
the orbit, according to Kroenlein't method, may be indicated in periostitis of the 
temporal wall. 

Periostitis of the wall of the orbit differs from periostitis of the margin not 
only in diagnosis, prognosis and treatment, but also in etiology. 




Fig. 89.— Periostitis of the Left Upper Margin of the Orbit. 

Occasionally such a periostitis is niet with in the course of, or as a sequel to, 
measles, scarlet fever, typhoid fever and angina, when the infectious agents 
liave obtained a foothold endogcnously in the bone or the periosteum. Staphy- 
lococci and streptococci are usually found in such cases of periostitis, but some- 
times influenza bacilli, pneuniococci and typhoid bacilli are met with. Otiier 
causes are syphilis and tuberculosis. It may also be caused by injuries; the in- 
flammation may extend to the periosteum from an external wound of the margin 
of the orbit, or it may he due to a penetrating wound made hy an infected 
foreign body. An abscess of the retrobulbar tissue may also aifect the perios- 
teum secondarily. The mott freqiunt caute ia an inflammation of an acccssort/ 
tlnm of the nose. In these cases we notice certain tender places on the wail. 
If the upper inner part of the orbit is sensitive to pressure, as in the present 
case, it is a symptom to be taken into account in the diagnosis of empyema of 
the frontal sinus. Hence, in the diagnosis of every case of exophthalmos due 
to periostitis we must seriously consider the question whether the case is really 
a rare one of primary periostitis, or is not rather a consequence of disease of the 
acccBsory sinuses. 
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VL Exophthalmos Caused by Diseases of the Accessory Sinuses of the Nose 

The most frequent of all the inflammations of the accessory sinuses of the 
nose to lead to disease of the orbit is that of the frontal sinus ; then follow dis- 
eases of the maxillary antrum, of the ethmoid, and finally of the sphenoidal 
sinus. We cannot go in detail into the pathogenesis of diseases of the accessory 
sinuses, but I am very anxious to impress their great importance in connection 
with disease of the orbit. We can speak, if you wish, of a catarrh, of mucocele 
and of empyema, although transitional forms between these are met with, and 
even the acute cases are not always to be distinguished from the chronic, but it 
may be said that mucoceles of the accessory sinuses do not ordinarily lead to 
inflammation in the orbit. 

Ectasias of the accessory sinuses occasion rather a slowly developing protru- 
sion of the eye through the bulging forward of the bone, so this form of exoph- 
thalmos really belongs to the group which is caused by a contraction of the space 
in the orbit by deformation of the skull. The inner upper part of the wall of 
the orbit becomes ectatic most easily, in a case of mucocele of the frontal sinus, 
because this is the thinnest place. Sometimes such a mucocele presents con- 
siderable diagnostic difficulty, because no sign of suppuration in the sinus can 
be detected on examination of the nose. An ectasia of the ethmoidal labyrinth 
causes a dislocation of the eyeball forward and outward. These mucoceles may 
attain a considerable size. An ectasia of the sphenoidal sinus produces no exoph- 
thalmos. All of these things render it improbable that our case of inflammatory 
exophthalmos is caused by a pure mucocele. 

Empyemata of the accessory sinuses, on the contrary, frequently lead to in- 
flammation in the orbit. They may develop as acute inflammations, or they niaj- 
run a chronic course from the start. When we meet with an inflammation in the 
orbit associated with a disease of an accessory sinus we must think primarily of 
an empyema of that sinus. 

We need to know in what way a sinusitis is accustomed to spread to the orbit 
if we wish to trace back the genesis of an orbital inflammation, as in this patient 
in whom we have still to elucidate the fundamental disease. In a sinusitis the 
inflammation of the mucous membrane of the sinus interferes with the nutrition 
of, and extends directly to, the bone, so that in most cases in which the orbit 
becomes involved a periostitis, or a subperiosteal abscess, is formed first, such as 
I have already described. Orbital cellulitis frequently does not follow the suh- 
periosteal abscess for a long time, but the course may be quite diflFerent, and the 
cellular tissue of the orbit may be involved in the inflammation very quickly. 
This depends mainly on the nature of the inflammatory agent. In this connec- 
tion it might be mentioned that, according to Gruenwald^ Stanculeano and 
others, the foetid inflammations of the accessory sinuses have a buccal origin, 
those which are not foetid, a nasal. The order of frequency in which the sinuses 
need to be taken into account is first the frontal sinus, then the maxillary 
antrum, then the ethmoidal labyrinth, and finally the sphenoidal sinus. 

Inflammation of the Orbit from Sinusitis Frontalis 

Kuhni describes great credit for having pointed out how important affec- 
tions of the frontal sinus are to the ophthalmologist, and I advise that inflamma- 
tion of the frontal sinus be thought of whenever people complain of a severe 
pain over the root of the nose, or the brow after catching cold. Such pains often 
appear periodically in a characteristic manner, and are more severe when the 
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I escape of the secretion from the sinus is rendered difficult, as when the patient 
1 IB stooping, or lying in bed. 

Kvhnt also showed that a circumscrihed area of tenderness in its wall is of 
value in the diagnosis of an empyema of the frontal sinus. A dull pain is pro- 
' duced by pressure on the floor of the sinus from the orbit, which is distinctly 
different from the sensitiveness to pressure of the supraorbital nerve. 

We need the aid of the rhinologist to confirm the diagnosis in uncomplicated 

cases. He notes the condition as to pus in the middle meatus of the nose, and 

niaj', perhaps, pass a probe into the frontal sinus, transilluminate, or take a 

< roentgenograph. The diagnosis of an empyema of the frontal sinus in our 

patient has been confirmed rhinologically. 

The condition presented by our patient is an advanced stage of this disease. 

The exophthalmos, the displacement of the eyeball downward and outward, to- 

I gether with the limited mobility of the eye, indicate that the enipyeimi has 





Fig. 91.- Empyema of the Left Frontal 
Sinus with Great Exophthalmos. 

' broken through into the orbit. If no intervention should be made at this stage 
the swelling of the lid would increase, the abscess would spread along the bone 
and the pus would seek an exit. When this happens the perforation generally 

I takes place in the middle of the Hd, or over the ligamentum canthi internum, 

' more rarely between the middle and outer thirds of the orbit. The perforation 
of the wall of the sinus varies a great deal: the opening may be very small, or a 
large sequestrum nmy be cast off. A fistula may remain when perforation has 
taken place through the lid. 

I have demonstrated this case for two reasons; particularly to impress the 
fact that this is a serious disease. Such an empyema of the frontal sinus may 
extend to the brain very readily through a perforation of the posterior wall of 
tlie sinus. The empyema may also reach the brain by way of the orbit ; the 

I periostitis attacking the roof of the latter and causing perforation at that point 
into the cranial cavity, with meningitis as the final residt. Occasionally alwo a 
thrombosis of the orbital veins will extend to the sinus cavernosus from an orbital 

I cellulitis. 
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Our patient complains of visual trouble snd wc find on examination that lie 
has an optic neuritis. Choked disc, optic atrophy, and even permanent amauro- 
sis have been obsened. Diseases of tlie optic nerve fire not so cotutuon in 
empyema of the frontal sinus as in diseases of the posterior sinuses of the nose 
and of the maxillary antrum, but they are not to be neglected. In the majority 
cf cases the affections of the optic nerve are caused by a periostitis at the optic 
canal. The displacement of the oyeb»!l occasions the diplopia. Paresis of 
the ocular muscles has also been observed in empyema of the frontal sinus. A 
number of functional eye troubles are met with, even when there has been no 
rupture of the frontal sinusitis, which have been ascribed by Kuhnt to intosica- 
tion produced by resorption of substances from the sinus. Complaints are fre- 
quent of supraorbital neuralgia, asthenopia and nervous troubles. Before we 
pass to the treatment let us study the differential diagnosis from inflammations 
of the orbit caused by diseases of the other sinuses, 

Inftammafion of the Orbit from Empyema of the Ethmoidal Labyrinth 

The perforation of an empyema of the ethmoidal labyrinth into the orbit 
may take place in either an acute, or a chronic manner. In acute empyema there 
are serious general symptoms, the lid becomes greatly swollen, and the eyeball 
is dislocated outward, more rarely downward. If preparations for the perfora- 
tion are made slowly a hard swelling is formed at the inner canthus, which dis- 
places the eyeball, a crepitation like that of parchment can be felt 
in the region of the lamina papyrncea, and tenderness in the region 
of the lacrjnnal bone may bo detected by pressure on its process. This tender- 
ness on the part of the lacrymal bone is met with more rarely than the sensitive- 
ness of the lower wall of the frontal sinus in empyema. Orbital inflammation 
from ethmoiditis is excluded in this case by the site of the periostitis, but there 
are still other noteworthy differences between the conditions produced by 
ethmoiditis and frontal sinusitis. 

The inflammation of the orbit takes the form of an orbital cellulitis more 
commonly in empyema of the ethmoid than in empyema of the frontal sinus. 
The vision is endangered in a greater percentage of cases for several reasons. 
One is that an empyema of the ethmoidal labyrinth is often associated with sup- 
puration in the posterior accessory sinuses, which lie nearer to the optic nerve. 
The more common orbital cellulitis is likewise a greater scurce of danger to the 
optic nerve. A subperiosteal abscess may readily extend backward and affect 
the optic canal. Therefore we meet with neuritis, atrophy, and retinal hemor- 
rhages more frequently in empyema of the ethmoid, than in that of the frontal 
sinus. As regards the prognosis of orbital inflammations following empyema of 
the ethmoidal labyrinth, it may be emphasized that a necrosis of the roof of 
the orbit may be produced directly by such an inflammation. The mortality 
attending orbital inflammation caused by empyema of the ethmoidal labyrinth 
has been calculated by Birch-Hirschfeld to be 6%. 

Infiamniatiov of the Orbit from Empyemu of the Moxillnry Sinui 

According to Birch-Hirschfdd. empyema of the maxillary sinus is the cause 
of almost 20% of the cases of inflammation of the orbit. This form is dilTercn- 
tiated from those due to empyema of the ethmoid, or of the frontal sinus by the 
fact that a subperiosteal abscess develops in the lower part of the orbit. The 
check and the lid swell and exophthalmos appears, but the eyeball is displaced 
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upward, and there is a corresponding limitation of movement downward. Some- 
times fluctuation is felt at the lower margin of the orbit, but the abscess may 
rupture in the upper inner margin, or at the outer canthus. 

The orbital inflammation caused by empyema of the maxillary sinus runs a 
tempestuous course as an orbital cellulitis, in very many cases, because of a 
thrombophlebitis conducted through the fine venous branches from the sinus 
maxillaris, that empty into the ophthalmic vein. This we see also in cases in 
which a periostitis of the superior maxilla is produced by affections of the teeth, 
which may extend directly to the orbit without involvement of the 
antrum. There is also on the anterior surface of the superior maxilla a 
venous plexus which is in communication with the inferior ophthalmic vein 
through the vena ophthalmofacialis. A striking clinical fact is that orbital 
cellulitis originates more often from empyema of the maxillary sinus, the 
etiology of which is itself diflFerent from that of empyemata of the other sinuses. 
The fact is very interesting that an orbital inflammation is particularly apt to 
occur in those empyemata of the maxillary sinus that originate from diseases 
of the roots of the teeth through an inflammation of the alveolar process. Thus 
it is that in any given case of inflammatory exophthalmos we must think of 
carious teeth and of their consequences. 

These inflammations of the orbit from empyemata of the maxillary sinus 
are also very serious diseases; they have a mortality of 15%. Visual disturb- 
ances are likewise more frequent than in orbital affections from diseases of the 
frontal sinus and ethmoid; neuritis, atrophy, and thrombosis of the central 
artery and vein are met with. With the exception of the cases in which the ves- 
sels are occluded these troubles are due to inflammation at the optic canal. 

Inflammation of the Orbit Caused by Empyema of the Posterior Cells of th^ 

Ethmoid^ and of the Sphenoidal Sinus 

The involvement of the orbit in empyemata of the posterior cells of the eth- 
moid and of the sphenoidal sinus is of great interest, because intimate anatom- 
ical relations exist between these cavities and the orbit. Diseases of these posterior 
accessory sinuses cause exophthalmos, swelling of the lids and orbital cellulitis 
with comparative rarity, much more often they cause visual disturbances. A 
knowledge of this fact is important, because the objective and subjective symp- 
toms of diseases of these sinuses may be very uncertain. Our attention may be 
called to a disease of the posterior accessory sinuses of the nose by a series of 
visual disturbances, for blindness, either temporary or permanent, occurs in 
over 40% of these cases. We must think of an empyema of the posterior eth- 
moidal cells and of the sphenoidal sin/as whenever we meet with a fairly rapid 
onset of visual trouble in one eye^ for which we can discover no other plausible 
reason. 

The ophthalmoscopic findings vary a great deal in these cases. We may 
find optic neuritis, or in rare instances occlusion of the vessels, but even when the 
ophthalmoscopic appearance is perfectly normal a test must be made to deter- 
mine whether a central scotoma for color is present, for cases are on record in 
which the detection of such a scotoma was the first step toward a correct diag- 
nosis. How this central scotoma is brought about in empyema of the pos- 
terior accessory sinuses we do not know. The importance of the early recog- 
nition of such a disease is shown by the fact that empyema of the sphenoidal 
sinus is very apt to cause purulent sinus thrombosis, more rarely to excite 
meningitis and abscess of the brain. 



*5* TREATMENT OF SINUSITIS 

FinallT, rlmiologicml experienee Ims prorcd tfast emprciiimtm max €>ociir no 
odIt in fnifi^ f inufcs, bat in feverml sinmltaneoixdTy bat in sach cases the extcn 
sion of the inflammation into the orbit takes place from ooe sinus. The situa 
ikm of the place of the perforation and the direction of the displacement o 
the ejchall vill permit the origin of the inflammatorj exofrfithafaDos to b 
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Bejond doobt treatment of both the inflammation in the orbit and the sinu 
sitis ii needed^ and the question is raised whether the ophthalmologist shouk 
undertake the treatment of both. It icems verr natural that he should not onl^ 
treat the orbital inflammation^ but also attad^ the accessory sinus, for in th* 
sinus is concealed the fundamental dJuease. Whj should not the ophthahnologis 
undertake the treatment of the sinusitis? There are indeed some oph 
thahnologists who consider diseases of the sinuses to be a fidd for the cooques 
of opbthafanologT, and Kmhmt has laid down rules for the treatment of the same 
but, enticing as this surgical actiritj is to the ophthafamdogisiy who must other 
wise be contented with minor operations, and little doubt as there is that som< 
ophthalmologists are masters in this region, vet I am convinced that we mus^ 
impose a certain restriction here, and I agree fuDy with Birch-HirschfM tha 
the treatment of the accessory sinuses of the nose should he transferred to tb 
rfainologisL It is desirable, and even necessary that the ophthalmologist shoulc 
be conversant with the diseases of the accessory sinuses, and I believe that ] 
have demonstrated enough of orbital surgery to make me exempt from the sus 
picion that I am ignorant of the technique and could not perform the operatior 
of their evacuation. I have had sufficient opportunity to assist Professor Hoff 
wumrn in the operative treatment of disease of these sinuses, but I have leamec 
that we must resist the temptation to open and evacuate the accessory sinuse 
from the orbit. The opinions of rhinologists concerning the necessity of radical 
operations are still much divided, but one thing is certain : The radical operatioi 
is not in all cases the only right way in which to cure a sinusitis. The experi* 
ence of rhinologists proves that quite a number of diseases, for example of th< 
frontal sinus, can be cured by the use of more conservative endonasal methods. 
The first decision to be made in any particular case of empyema of the frontal 
sinus is whether a radical operation is indicated. This decision can be made only 
by the rfainologisL Our operative ability in this region, therefore, has its limits. 
We are not competent to operate on empyemata of the posterior accessory 
sinuses, the posterior ethmoidal cells and the sphenoidal cavity. If the exoph- 
thalmos is caused by such an empyema we can only open the orbit freely, when 
symptoms are present that indicate imminent danger from an orbital cellulitis 
md the disburdening of the orbit must not be delayed. If the case is one of 
subperiosteal abscess due to empyema of the m a xill a r y sinus, we may first open 
this up freely and drain ; then we may oitrust the treatment of the suppuration 
in the antrum to the riiinologist, for we are not competent to decide whether a 
cons e rv a tive method of treatment, or the operative opening of the antrum is 
best. In our present case of orbital inflammation with an empyema of the 
frontal sinus we will proceed in the foUowing manner: We will lay bare the 
inner and the upper inner margin of the orbit, elevate the periosteum, so as to 
evacuate the pus, and carefully investigate the condition of the bony wall. If 
the bone does not appear to be diseased the radical operation on the frontal sinus 
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does not seem to be immediately indicated, for it has been shown that spontaneous 
recovery may take place in acute cases of frontal sinusitis. The sinusitis is cer- 
tainly not cured by the evacuation of the orbital abscess, and the rhinologist may 
undertake the further treatment, after we have removed the danger immediately 
threatening the eye. The same rule holds good when, after opening the orbit, 
we find a necrosis of the bony wall, or conditions which cause a perforation of the 
posterior wall of the sinus to be feared. First deal with the orbital disease and 
then turn the patient over to the rhinologist for a radical operation. I cannot 
describe the details of the radical operation for empyema of the frontal sinus in 
this place. The methods chiefly employed are those of Kuhnt and of KUUan, 

Diseases of the accessory sinuses of the nose must be thought of primarily 
when we have to deal with an inflammation in the orbit. They are responsible 
for more than 60% of the cases of inflammatory exophthalmos. What a change 
from the theories formerly held ! Never forget to examine the accessory sinuses 
in every case of disease in the orbit. This rule will lead to the saving of many 
eyes and the preservation of many lives. 

1 14. Exophthalmos Caused by Tumors, and Kroenlein's Operation 

This patient is a laborer, 35 years old, who tells us that his right eye has 
gradually become totally blind. His parents are healthy and he has never been 
seriously ill. He states that as a soldier, thirteen years ago, the sight of his 
right eye was not as good as that of his left, that from that time on it gradually 
grew worse, and that the eye has been totally blind for the past eignt years. 
During the past two years he has noticed its gradual protrusion from the orbit, 
and this has finally brought him to us. There is no history of an injury. 

The left eye is healthy and has perfect vision. The right eyeball is consider- 
ably dislocated forward and is at the same time deviated somewhat upward. 
HerteVs exophthalmometer shows that the apex of the right cornea is 13 mm 
farther forward than that of the left; the eye could easily be luxated from the 
orbit. It is totally blind, not divergent, freely movable in all directions and 
accompanies the excursions of the other eye. An attempt to press the eyeball 
back into the orbit succeeds only to a slight degree and is not painful. The eye- 
ball itself is of normal size. The margin of the orbit is normal. A soft, circum- 
scribed, almost fluctuating mass can be felt, by palpation below the eyeball, 
1 to li cm behind the lower margin of the orbit; it has no connection that can 
be detected with its floor. The patient has difficulty in closing his lids over the 
eye, which is moderately irritated. With the ophthalmoscope we find a genuine 
atrophy of the papilla with sharp outlines. The patient must have a retrobul- 
bar tumor. 

The principal symptom of a retrobulbar tumor is an exophthalmos. The far- 
ther back in the apex of the orbit the tumor is situated the later is the appear- 
ance of this principal symptom. Tumors which develop in the funnel formed by 
the muscles, or in the apex of the orbit, drive the eyeball forward in the direc- 
tion of the optic axis, while neoplasms that start on a lateral wall, or near the 
anterior segment of the orbit, displace the eyeball laterally ; but we cannot diag- 
nose with certainty the situation of the growth from the lateral dislocation, be- 
cause the eyeball may have been rotated. 

Limitation of mobility may form a second symptom. This may be due 
partly to mechanical causes, such as the lack of space, and partly to affections 
of the muscles and nerves. 
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The third symptom consists of the changes in the optic nerve. The signs 
of engorgement in the papilla may be produced by compression of the nerve, and 
we find the result of neuritis in the form of atrophy as weU as, occasionaUy, of 
retinal hemorrhages. The eyebaU may be depressed by the growing tumor; 
myopia may be caused by an elongation, hypermetropia by a shortening of its 
axis. Other symptoms that may be associated, such as a swelling of the lids 
and a dilatation of the orbital veins, depend on the situation, the nature and the 
extent of the tumor. 

I need not picture in detail the results produced by a particularly malignant 
tumor. As the neoplasm continues to grow the cornea may be destroyed by 
keratitis e lagophthalmo, in consequence of its imperfect covering by the lids. 
The eyeball may be completely surrounded by the exuberant growth. In other 
cases the mass of tumor may press out of the palpebral fissure, bleed, become 
gangrenous and putrefactive, or penetrate into the accessory sinuses, and cause 
death by proliferation into the cranial cavity, or by metastasis. Plain as is the 
clinical picture of an advanced orbital tumor, the diagnosis may be very difficult 
at the commencement of the disease. Frequently we are obliged to palpate the 
orbit under general anaesthesia and to transilluminate the sinuses. 

Syphilis in the orbit may simulate a tumor, so it is a cUnical maxim, which 
should never be forgotten, to always examine for syphilis in a case of exoph- 
thalmos in which a tumor is suspected. A point of value in the differential diag- 
nosis is that syphilitic neoplasms in the orbit usually cause severe pains, which 
are worse at night, while tumors, as a rule, cause no such pains. Furthermore, 
the orbital wall is generally sensitive to pressure in gummatous periostitis, while 
this symptom is ordinarily absent with tumors. Another point of weight is 
whether other luetic symptoms can be demonstrated, especially concretions on 
the bones of the face and skull. Above all Wassermann^s reaction must be deter- 
mined in everv case of orbital tumor, as this tells us with certaintv whether we 
have to deal with a syphilitic patient or not. FinaUy it can do no harm to insti- 
tute an energetic antisyphilitic treatment at once in a case in which the diag- 
nosis is uncertain. 

It is not such a verv rare occurrence to meet with a case in which the 
presence of an orbital tumor is indicated by all the symptoms, and yet no tumor 
is found on operation. These diseases are still obscure. In part they are due to 
chronic infiammation in the orbit. Birch-Hhrschfeld has studied such inflamma- 
tory hnnphomatoses of the orbit, with the formation of follicles and infiltration 
of the orbital tissue^ which may run courses with symptoms that markedly re- 
semble those of an orbital tumor. 

Finally, before we operate, we must remember that exophthalmos occurs in 
general diseases. Tumors, known as lymphomata, appear in the orbit in 
leuciemia and pseudoleucannia. These need not be operated on, because experi- 
ence has taught us that they will undergo involution spontaneously under the 
influence of quinine and arsenic. All other tumors must be operated on whether 
they are benign or malignant, but the methods of operation vary. We try to 
reach small tumors situated anteriorly through the conjunctiva, or through an 
incision in the lid. When the tumor is advanced and malignant the orbit must 
be exenterated. The question always arises whether the eye can be saved, either 
because it is capable of vision, or for cosmetic reasons. 

We have still to consider what tumors we are likelv to meet with in the orbit, 
without much reference to whether they are benign or malignant, because in 
many cases that differentiation can be made only at the operation. We may 
divide orbital tumors into several groups for purely practical diagnostic rea- 
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sons: 1, vai^cular grow-tlis ; S, cysts; S. bony tumors; +, tumors of the soft tissues 
of the orbit; 5, tumors of the optic nerve. 

Various kinds of vancular growths occur in the orbit. They may be telangi- 
ectases, which start in the lids and extend deeply into the orbit, or cAvcrnonias. 
which are situated most frequently in the muscle funnel. I mention these 
vascular growths first because in many cases their diagnosis is easy. We see 
the convolutions of vessels through the skin, the tumors usually grow slowly, 
and the exophthalmos is often increased by stooping and shouting, conditions ' 
that increase the engorgement in the vessels. Encapsulated angioraata are also 
met with, in which this change in the fullness of the vesfiuls does not take place. 




Fig. 92. — Pseudotumor of the Left Orbit: Eye Very Protuberant and Dialocated 
Downward ; Kroenlein'g Operation ; No Tumor Found. 



Lymphangiomafa also occur in the orbit; the cavernous angioma Js usually 
congenital. 

Cysts of the orbit are far more common. This is particularly true of der- 
moid cysts, which are formations due to foetal invagination of the outer germinal 
layer. They are usually situated outside of the muscle funnel and exhibit a cer- 
tain predilection for the vicinity of the anterior opening of the orbit, especially 
in its upper and outer part. The growth of these tumors varies, tliey differ 
considerably in size, and some have been seen as large as a goose egg. As n rule 
they contain epithelium, cholesterin, hair, bone, or a fluid oil. Other orbital 
cysts with serous contents are met with, as well as blood cysts, which originate 
from encapsuled hemorrhages. A cyst may also originate from the bursa 
mucosa of the trochlea. 

Echinococci have been removed from the orbit in rare cases. Such a cyst 
consists of a mother cyst with secondary vesicles, which has been caused by an 
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Fini. 93.— Osteoma of the 
Posterior Wall of tfae 
PrDDtaJ Sinus. 

uiis«cs bark into the crani 



eiiibrTo that has wandered into the cellular tissue of the orbit. It is character- 
istic of these tumors tliat thej are accustomed to excite paiu and in&ammatioa id 
tlie surrounding tissue during their development. A positive diagnosis before 
operation can be made only bv an examination of the fluid of the cyst, which is 
characterized by a high specific grarity and the pres- 
ence of hydrochloric and succinic acids. The cyst* 
ilevelop usually from the sheaths of the muscles and 
of the optic ne'ne. 

A cyst may also be formed above the inner can- 
thus, which is known as an encephalocele, because its 
Hall is composed of dura muter and its contents of 
cerebrospinal fluid- This congenital cyst usually 
protrudes through the suture between the frcmtal 
bone, the nasal process of the superior maxillary, tlie 
ethmoid, and the lacrynial bones, but it may occur 
tlirough a dilated foramen opticum, or in the roof of 
the orbit through the superior orbital 6ssure. A 
pulsating exophthalmos may be simulated when it is 
situated in the roof of the orbit. Pulsation is gen- 
erally to be noticed in these hernias of the dura ma- 
ter. Such a cyst may also be recognized from the 
fact that *e can press out part of its contents, which 
,1 cavity and produces the symptoms of increaseil brain 
pressure. Enceplialoceles are also found that are closed and separated from 
the cranial cavity. Portions of the nasal mucous menibrane niav also be con- 
stricted off toward the orbit during fcetnl life, and cysts may form from tlieir 
remains at the inner canthus, the walls 
of which are lined with laminated cylin- 
drical epithelium and goblet ceQs. Tliey 
contain mucus. 

Other congenital cysts of the orbit 
tliat lie behind the upper hd are gen- 
erally met with in connection witli mi- 
crophthalmos. When the mesodermal 
tissue, that takes part in the closure of 
the foetal optic cleft, proliferates, cysts 
nre sometimes formed which may be con- 
nected with the interior of the eyeball 
by a slender cord, or may be entirely 
separate. Traces of the retinal ele- 
ments arc to lie found within titcm. 

A plexifomi neuroma is met with 
in extremely rare cases. According to 
Panas these tumors come chiefly from 
the branches of the lacrymal nerve, and 
the twisted cords extend from tlie lids 
to the orbit. 

When the question as to the pres- 
ence of any of these rare or coogenital 

forms is settled, we investigate whether in any given ca.se the tumor comes from 
the bones of the orbit. Two forms of bony growths are met with in practice: 
exostoses and osteomata of the accessory sinuses. 




Fig. M.— Fibroaarcoma of the OrUt. 
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OSTEOMA, CARCINOMA, SARCOMA 

Exostoses, called ivory exostoses because of their hardness, are generally situ- 
nted on the roof, or tlie upper inner wall of the orbit. They may develop from 
embryo logical rudiments, or as the result of injuries, 

Osteomata usually start in the accessory sinuses and penetrate into the orbit, 
The osteoma of the frontal sinus is the most common. When such a tumor starts 
from the sphenoidal cavity it makes its presence known first by alterations in the 
optic nerve. Sometimes it happens that tlic tumor becomes separated from its 
matrix and lies freely movable in the sinus. When a tumor like this develops 
in a. sinus it presses the wall of the orbit before it in the same manner as a 
mucocele. Osteomata originate from the periosteum, or from remains of foetal 




Fig. 95. —Mel ano sarcoma of the Orbit with Metastases in the Skin. 

cartilage. When in the frontal sinus they are apt to be bilateral. The prog- 
nosis of bony tumors is yood. 

If we find no indication that the tumor comes from the bony wall we have 
to consider whether it is one of the soft parts of the orbit, and it is of importance 
in the differential diagnosis to know that carcinoma of the orbit originates cither 
from the lids, in very rare instances from the conjunctiva, from the lacrymal 
gland, or from the accessory sinuses, the maxillary antrum in particular. Meta- 
static carcinoma also occurs, but on the whole carcinoma of the orbit Is one of the 
rarer tumors with which we have to deal. Sarcoma of the orbit is much more 
conmion in practice. It is not pigmented in the great majority of cases and is 
composed of round or spindle cells: but other forms, such as tlie fibrosarcoma, 
myxosarcoma and endothelioma, have been obsened many times. It is of clinical 
importance to know that the small celled sarcoma is the most malignant form and 
grows rapidly. The sarcoma may start from every possible tissue in the orbit. 
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fraa tbe perioeteam, fnm the comietrtire tissue in the orbit, from TVnoa'x cap- 
sule, from the sheaths of the optic and other nerres, inside or oatside of Ae 
musde funnel, beneath the roof of the orbit, or close bdiind the ejdinlL It maj 
appear at anr age. 

Finallj- ve hare to consider whether or not the esophthabnoa is earned bv a 
tmaor of tbe optic nerre. A trntmor of the optic tune may originate in three 
different wajs : it mar derelop primarilT within the optic nerre sheath, when we 
call it a primaiT tumor, or the optic nerre mar be inrolTcd in a neoplaffln com- 
ing tmn the suiroupding soft parts in the orbit, fram the base of tbe skoll, or 
from tbe dural sheath, when we hare a sccondarr tumor; or it may be caused 
metastatically. Metastatic rarcinoma and sarcoma have been found in the optic 
nem, but tbev are extremelj rare. Although the sixe and oMisisteDce of primarr 
tuBKtfs Tarr, ret in goiaml theT are pTriform in shape. They may inmlTe only 
a portim. or the whole, of tbe nerre. We may cBnicaQy assume a tumor of the 
i^tic nerre to be present when exopbthahnos appears early, increases slowly and 
witfaout pain, and is either directly forward, or somewhat downward and outward. 
The eye becomes blind early, with symptoms of either neuritis or atrophv. 
A. r. Gnfff called attention' to the fact that tbe mofathty of the eye is usually 
wdl preferred. A final symptom of this form of tumor is that its course is 
comparatiTcly benign. 

Kroenlan's Opcntkn 

Fbrmerly ve were obliged to try to remote tetrobidbar growths by war of 
tbe coBJUBctira. acending to the method devised by Kmtifp, and a teiMitomy 
oAcn had to be performed aa one of (be muscles in order to obtain suficient access 
to the depths of tbe orbit. .\ thread was then placed about tbe posterior part 
of tbe optic nerw by means of an aneurysm needle, the nerre was divided us 
dttsely as passible to tbe optic foramen. 
ami then the attempt was made to re- 
move the tumor from the orbit. As may 
be imagined, the vie* of tlw conditions 
within the orbit was not very good dui^ 
ing this pivcvd.ifv. and the radical ex- 
tirpation of ivtrobuibar growths was 
difficult. KrpfmUim therefore roidered 
uv«Rk:Dil ipx-d j*rrice wh*n he essen- 
tially tacilitalt'd icterTentioBs in tbe 
iirbit by the intrvducticv of his opera- 
ti»ti, which he fwrforrtseil for the first 
time in ISS6. TV cu.T:ber of fortu- 
n*te castes, in which nCrc^Nilbar turners 
haw been remoTed in this manner with 
prt-><t-rMittttfa of the eye. ^ continoallT 
incrvn^^ing. 

.\fter sfaariag the eyebrow and tbe 
luir AKx:t the tempk a curved incision 

i* RVkte frvm the pjjtce where the linea 

stffcsrtrctiUre- cf t!>e frwotal hcwe inter- 
s*cts a bL-riMBtal Ijse 1 ^-s; aK.>\e ukI p*r»IVI Tv- the KpKKwKtal crargin. along 
the te!H|wrai mrirJi »^"i *fw i-rtvt. »ith its WHKxity toward the latter, to tbe np- 
|icr wcvd ci tiat anuar tvtK. tb»i.-e Wckward tk> <ai in tbe nuiLe ct tix makr 




n& K. — laKtsNBS ia Kf^MMjtvt'f CVMa~ 
tiw after Oaai^ Tht Otrrvi] Lime 
Marts the Sw iii tfe lansNa Ik(««cli 
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I bone. Tlie middle portion of this incision, opposite the outer cnnthus. is carried 

down to the bone, while above iind below only the skin, fascia and niuscuJar tissue 

are cut through. The incision is about 7 cm long and lies somewhat to the nasal 

side of the temporal margin of the orbit, so that the latter is well freed from its 

soft parts. We next retract the margins of the wound and separate the peri- 

I orbita from the entire outer wall of the orbit with an elevator, above to the 

I zygomatic frontal suture, below to the inferior orbital fissure, and downward to 

1 beliind the zygomatic sphenoidal suture. Now we must mark the pt)int to which 

the incisions to be made in the bone will converge, by means of which we may 

temporarily remove the piece of bone. The best point for this purpose ia the 




—Right Eye ; Preservation of Eyeball after Kroenlein'a Operatic 
Operated on by Roemer, Tumor Described by LoehUin. 



1 inferior orbital fissure. TJie soft parts are drawn aside with a strong retractor 
I and then we cut through the periosteum over the distinctly visible sutura zygo- 
I raaticofrontiilis and chisel through the zygomatic process of the frontal bone, 
I The position of this incision must be accurate, for if made too high the cranial 
ivity may be opened. Then the incision is carried with the chisel obliquely 
\ through the wall of the orbit, so that it is completed about 1 cm behind the an- 
i terior end of the inferior orbital fissure. While this is being done the contents 
I of the orbit must be carefully retracted toward the nasal side. The frontal 
I- process of the malar bone is next divided horizontally with the chisel close to its 
I base and the incision carried through the bone to tlie inferior orbital fissure. . In 
[ this manner we have rendered movable a piece of bone, the base of which is formed 
I by the outer margin of the orbit, white its apex lies behind the anterior end of 
I the inferior orbital fissure, and nothing more is necessary, except to bend this 
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piece of bone ootward, together with the flap of skin, fascia and muscle, and a 
way of access to the interior of the orbit is opened. Xow comes the third and 
most important step. We diride the periorbita, which hitherto has covered the 
retrobulbar portion, and reach the tumor. The tumor in this patient is as Uirge 
as a wahiut, fairly well defined, starts anteriorly from the optic nenre and extends 
Tery deeply into the pyramid of the orbit, as I can tell by feeling of it with my 
finger. Tlie diagnosis, that this was a tumor of the optic nenre, was therefore 
correct. I shaU try to protect the muscles as weD as I can, but the remoral 
of the tumor and the preserration of the eyeball are the considerations of diief 
importance. 

After the tumor has been remored we have to suture the muscles that have 
been divided, to replace the bone flap in its original position, and to suture care- 
fully the periosteum and the soft parts. The lower part of the wound is drained 
for a few days with gauze. The dressing must be applied with great care, with 
attention to see that the eye is perfectly covered by the lids. If the cornea is 
anesthetic a temporary suturing of the lids together is reoonunended by Axen- 
Idd. 

Our patient returns today after the lapse of two years (see Fig. 97). The 
result is very satisfactory. There is no sign of a recurrence, althou^ it is stiU 
possible that this may take place. His goieral condition is good. There is 
a slight enophthahnoB at the site of the operation and the movements of the 
upper lid are somewhat impaired. A slight upward motion is aU there is left 
of the movements of the eydmlL Hiis patient is very fortunate that he still* 
retains hb eye. 



1 15. Exophthtlmos Caused by Vasculir Anomalies 

This patient, 60 years old, goes from one clinic to another in order to exhibit 
the interesting lesion in his eye. In 1898 he fell a distance of three hundred 
metres in the mountains, striking one place after another, and sustained a grave 
fracture of the base of the skull, from which he made a fair recoverv. Some time 
later, according to his statement, a swelling developed in his orbit whidi pro- 
duced an exophthalmos that pulsated synchronously with the heart beat. Sudi 
a condition is known as a pulsating exophthalmos. He has been operated on 
several times in Leipsic First, the orbital veins were ligated, later, ligation of 
the common carotid was performed; both operations were effective for only a 
short time. The eyeball has finally become fixed in the inner upper angle of the 
orbit, and has become changed from a pulsating exophthalmos to a pulsating 
enophthalmos. The eye is blind from atrophy of the optic nerve. It lies deeply 
in the orbit, fixed to the wall by a cicatricial cord, but is still driven forward 
from i to 1 nun synchronously with the pulse. This case illustrates the results 
produced by a pulsating exophthalmos, so we will briefly review the salient 
features of the disease. 

(a) PuUaiing Ejcophthalmos 

It win be recalled that one of the different groups into which exophthalmos 
was divided was distinguished as caused by vascular anomalies, and the pulsa- 
ting movement of the eyeball indicates that we have to deal here with one of this 
.class of cases. The principal symptom is the exophthalmos, caused by a rupture 
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of the Internal carotid artery into the cavernous sinus. To understand the con- 
dition it is necessary to remember the anatomy of the parts involved. The in- 
ternal carotid is embedded in the cavernous sinus near the clivus and the superior 
ophthalmic vein opens into the sinus. 

Such a rupture may be produced in two ways. It may take place while the 
patienjt is stooping, or coughing, when the wall of the carotid is not normal, par- 
ticularly in pregnant women. It is characteristic of this idiopathic form of 
pulsating exophthalmos that the clinical symptoms develop very quickly, that 
the patients notice a cracking sound and feel severe pain. The other form results 
from injuries, especially from fracture of the base of the skull, when a fragment 
of bone may be driven into the carotid. It is also met with after gunshot wounds, 
and even after severe contusions of the head. 

In cases of fracture of the base of the skull the symptoms of the serious 
injury predominate at first, bleeding from the mouth and nose, unconsciousness, 
and vomiting, and it is only gradually, frequently after the lapse of weeks, or 
even months, that the symptoms of a pulsating exophthalmos appear. When fully 
developed the clinical picture cannot be mistaken. The upper lid is red and 
oedematous, its skin is full of dusky, dilated veins, it hangs tensely down over 
the exophthalmic eyeball, and the conjunctiva is chemotic. The degree of ex- 
ophthalmos varies. The eyeball may be displaced directly forward, but it is 
usually dislocated laterally, or downward. The movements of the eye are re- 
stricted, especially outward. The dilated veins on the surface of the eye are 
very distinct. The cornea may be anaesthetic, but it usually remains normal 
as long as it is covered sufficiently by the lids. 

We can press the eyeball partially back into the orbit, when a rough thrill 
and pulsation will be felt ; a distinct blowing murmur can also be heard through 
the lid with a stethoscope. These symptoms vanish when the common carotid is 
compressed. 

The patients are extremely annoyed, not only by the exophthalmos, but also 
by the murmur, which they hear constantly. The vision may be normal, but in 
many cases the circulation in the papilla is affected, either by a venous engorge- 
ment with swelling of the disc and retinal hemorrhages, or compression of the 
central vessels, which renders the retina ischaemic and results in atrophy, as in this 
patient. 

Fortunately the lesion is usually on only one side, but cases have been re- 
ported in which pulsating exophthalmos was present on both sides, or in which 
the second eye became affected after improvement of the first. 

Although the diagnosis of a pulsating exophthalmos is easy, it must be 
remembered that it may be countei^eited by an encephalocele of the roof of the 
orbit, or by a lymphangioma. 

Spontaneous involution has been observed in a few rare cases. A thrombosis 
of the superior orbital vein extends into the sinus and occludes the laceration in 
the carotid. Death results in other cases from hemorrhages through the orbit 
and nose, but the prognosis is generally more favorable. Improvement, and 
even cure, can be obtained in many cases by compression of the common carotid, 
accomplished by means of certain instruments, but ligation of the carotid is 
surer, as has been proved by Sattler^ Nieden and others. The pulsation and 
murmur disappear. Complications may certainly be produced; embolism of the 
central artery has been observed, and Schmidt-Rimpler saw a pulsating enoph- 
thalmos after the operation. Other procedures have been tried. Golowin tied 
the ophthalmic vein, after performing Kroerdein^s operation, and Saltier ex- 
tirpated the aneurysmal venous sac after double ligation. 
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(b) Intermittent Exophthalmos 

Vascular abnormalities may cause exophthalmos in another way. Very rai 
cases have been reported in which the eyeball protruded from the orbit ever 
time a venous engorgement took place within it. Such a venous engorgemer 
may follow bending forward of the head, compression of the jugular veins, c 
forced expiration with the nasal aperture occluded. We call this an intermittei 
exophthalmos. 

It is characteristic of this condition that it always affects only one eve. If 
patient with this trouble stoops an exophthalmos appears, and then the e\ 
returns to its normal position, or at least sinks back, when the bead is hel 
erect. In many of these cases the exophthalmos is produced by the turning c 
the head to one side so as to cause the sternocleidomastoid to press upon th 
jugular vein. 

All of the factors mentioned indicate the presence of a varicose dilatation c 
the veins of the orbit, and such a varix is almost universally admitted to be th 
cause, but we have as yet no satisfactory explanation how these varices ar 
formed. Many investigators, like Cause^ and Ehchnigy ascribe it to an inflair 
mation of the wall of the veins. According to Birch-Hirschfeld it is also possibl 
that the primary cause of the disease is to be found in an abnormal narrownes 
of the anterior channels for the outflow of the blood from the orbit. VThen th 
head is held upright the blood flows from the orbit into the cavernous sinus, whe 
the head is bowed it seeks to escape chiefly through the facial veins, but if 
jugular vein is insufliciently developed, or if the outflow channels are abnormall 
small, the orbital veins gradually become dilated by the engorgements that recu 
frequently for years, when they are predisposed to do so. This is at all event 
an explanation why. intermittent exophthalmos usually appears when the patieu 
is stooping. 

If such a fMitient is directed to stoop, the exophthalmos will be distinct in 
few minutes. The degree varies considerably. Usually the eye is driven foi 
ward in the direction of the axis of the orbit, but it may be displaced at the sam 
' time downward or laterally. Tliis depends on which ve5n of the orbit is affecte 

by the varix. If it happens to be the superior orbital vein the eyeball will h 
displaced somewhat downward. Sometimes it is stated that the exophthalmo 
appeared suddenly after severe bodily exertion, whooping cough, or a trauma 
tism; in other cases no such cause is alleged and the condition developed 
gradually. 

Diplopia and impairment of the mobility of the eyeball are absent in mos 
cases in spite of the gre«t protrusion. The central vision may suffer somewha 
while the eye is protruded, but usually it becomes normal again when the head i 
held erect. Paleness and obscuration of the papilla have been observed while 
patient was stooping, and the pupil may be dilated as long as the protrusion con 
tinues, but serious lesions in the fundus are not apt to be met with. 

It is evident frtmi the nature of its origin that the chances of recovery i 
intermittent exophthalmos are slight, but, on the other hand, the prognosis quoai 
vitam is good. No death from this cause has yet been recorded. Two complica 
tions may occur; orbital hemorrhages have frequently been observed, as migh 
be expected with ectasia? of the orbital veins, and the vision may finally be affectec 
The visual troubles are to be ascribed partly to these hemorrhages, and opti 
atrophy may be found with the ophthalmoscope. A rare complication is th 
development of pulsation of the eye in its altered position. It has been suppose 
by Mulder that, in such cases, the opening of the superior orbital vein into th< 
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cavernous sinus was dilated, in addition to the varicose degeneration of the orbital 
veins, so that the blood could flow back from the sinus into the vein and so 
communicate a pulsating movement to the eye. 

It is also evident from the origin of intermittent exophthalmos that we can do 
nothing for such patients except to advise them to avoid everything that tend^ 
to cause engorgement of the venous blood in the orbit, like stooping, straining at 
stool, lifting, and compression of the neck. Improvement has been reported as 
the result of a careful regulation of life. No improvement in the varix in the 
orbit is to be expected from a pressure bandage. 



1 16. Exophthalmic Goitre and Exophthalmos from Poisoning 

This is a case of Basedow*8 disease^ which has been sent to us because a 
shortening of the palpebral space is necessary in at least one eye to prevent 
keratitis e lagophthalmo. I cannot deal here with the entire pathogenesis of this 
extremely interesting disease of metabolism, it is not within my province, but 
will simply point out the importance of the ocular symptoms. 

A marked case of this disease is characterized by four cardinal symptoms : 1, 
tachycardia, with pulsation of the large arteries of the neck ; 2, swelling of the 
thyreoid gland ; 8, a peculiar tremor ; 4, bilateral exophthalmos. 

L Cardinal Symptoms of Exophthalmic Goitre 

The tachycardia and the increase of the force of the cardiac impulse may be 
directly seen, but surely distinctly felt in the epigastrium. 

The patient states that at times he has a feeling of palpitation of the heart, 
a sensation as of impending death, and a pain in the epigastrium. The pulse 
is not only rapid, but has a certain arhythmia, which is very marked only at 
times. The heart is somewhat enlarged. When we place a finger on the large 
arteries of the neck we feel a distinct thrill, and we hear a loud murmur on auscul- 
tation. In many cases the head suffers a rhythmic concussion, caused by the 
great intensity of the cardiac impulse. This symptom, which is called MusseVsy 
is absent in this case. 

The second symptom of the disease is a swelling of the thyreoid gland. Fre- 
quently one lobe, the right as a rule, is particularly enlarged. A distinct thrill 
may be felt over the gland and a roaring noise can be heard in it, with the 
stethoscope, which is loudest at the places of entrance of the large arteries. 

The third general symptom is a peculiar tremor, the diagnostic importance 
of which has been recognized particularly by Charcot and his pupil Pierre Marie. 
When our patient stretches out his hands with the palms down, the rapid, delicate 
tremor is immediately seen. This type of tremor is also observed in neurasthenia 
and the traumatic neuroses. It is present in more than 90% of the cases of 
exophthalmic goitre, may be present in the lower limbs, and may even spread over 
the entire body. When the patient closes his eyes gently a delicate tremor of 
the lids can also be seen. This symptom is known as RosevhacVs phenomenon. 
It is not characteristic of this disease, but is met with both in neurasthenics and 
in healthy persons. True nystagmus occurs very rarely in exophthalmic goitre. 

[* Better known in this country as exophthalmic sroitre, in England as Graves* 
disease.— F.] 
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n. Ocular Symptoms in Ezophthafanic Goitre 

The degree of exophtbalmcs is usuallT the same in both eyes, bat one 
may be more protubenuit thao the other, and caaes have been recorded in v) 
the exophthahnos was present on only one side. The exophthalmos has i 
been observed to retrogress on the side of the operstioo, after thyreoidecto 
but not on the other side. Such experience led F. MueQer to the theory t 
an influence is exerted by an enlarged lobe of the thyreoid upon the eye of 
same side, but this is not a reliable symptom, for the thyreoid may be enlarj 
on one side and a monolatera) exophthalmos he present on the other. The I 
that the degree of exophthalmos may vary considerably throughout its cou 
is of general interest conceming the nature of the disease. We can press 
eyeball slightly backward, but as soon as the pressure of the hand is retnove< 
returns to its exposed position. If we direct the patient to stoop, or if we « 
press the jugular rein, the exophthalmos seems to increase a little. Sattler t 
Birch-HirKhield have demonstrated by means of photographs that when 
head is held upright compression of the facial veins exerts a distinct influei 
upon the prominence of the eyeball in exophthalmic goitre. 

\n abnormal fullness of the veins of the orhit plays a coosiderable part in 
etiology of the exophthalmos in this disease. Snellen discovered by auscultat 
a blowing murmur over the eye, which he took to be vascular, but Hermg I 
proved it to be a sound produced by the activity of the orbicularis, which t 
be demonstrated in every healthy person. It is most marked when the lids 
tightly closed and disappears when the eye is opened slowly; it is therefore 
no significance En this disease. 

The eyes are protruded in the direction of the orbital axes and, as a n 
their motility is not impaired as in other forms of exophthalmos, but sometii 
the patients complain of a feeling of tension and pressure. The exophthalm 
which is usually bilateral, is a very important symptom in exophthalmic goW 
especially as it frequently necessitates an operative intcr\-ention, as io this cas 

With regard to the diagnostic importance of the exophthalmos it must 
home in mind that it Is usually the last cardinal symptom to appear, and thai 
is absent in more than SO*"' of the cases. As to prognosis it has long bt 
known that the degree of the exophthalmos is not directly proportional to 
severity of the disease; a high degree of exophthalmos may be present w 
slif^t general symptoms, and rice versa. 

When a man with normal eyes looks upward, under normal conditions, ■ 
upper lid covers a portion of the upper segment of the cornea, hut the palpeb 
6ssure is so wide in this patient that when he looks up a narrow band of sch 
is still visible above the upper margin of the cornea. This is the second ocu 
symptom of the disease, and is that which gives to patients with exophtbah 
goitre their peculiar appearance, by means of which they may often be recognii 
at quite a distance. It mi^t be thought at first that this gaping of the pal] 
bral fissure was due to the exophthalmos, but it has been proved to be wholly im 
pendent, for cases are met with in whom the palpebral fissure may gape e\ 
more widely than in this case, although no exophthalmos has as yet developi 
The upper lid is abnormally retracted and this widening of the palpebral fissi 
may in turn increase the exophthalmos, for, as has been mentioned alreadv. t 
influence of the widening of the palpebral fissure in the production of a slifi 
protrusion of the eyeball has been recognized since the researches of Joh. MueU 

It is a matter of clinical importance that the retraction affects only the upj 
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lid, and that the voluntary closure of the lids is usually possible in spite of it; 
the palpebral fissure is closed imperfectly during sleep only when the exophthal- 
mos is very great. 

Another lid phenomenon that may be demonstrated on this patient is 
V. Graefe^M symptom, by which we understand a disturbance, or an abolition, of 
the associated movement of the upper lid with the depression of the visual plane. 
I direct the patient to follow quite naturally with his eyes the movement of my 
hand as I slowly move it downward from a horizontal, or better a slightly ele- 
vated, visual plane. Under normal conditions the upper lid descends in propor- 
tion with the movement of the eye, but in our patient the upper lid descends very 
little, or not at all. When the eye is depressed still further the upper lid makes 
jerking movements to accompany the eye, but it never reaches its normal level. If 
I now move my hand upward the eyes alone rise at first, but after the visual plane 
has reached a certain level the upper lid follows quite promptly. This symptom 
is therefore to be perceived only when the eyes are made to move downward. 

If we try to evert the upper lid while the eyes are looking downward we will 
find that this is not accomplished as easily as on the normal eye. Gifford be- 
lieves that this is a noteworthy symptom of exophthalmic goitre, but it is due to 
the fact that the upper lid remains behind when the eye looks downward and is 
somewhat retracted, conditions which render eversion of the lid difficult. 
Frequently there is also a swelling of the skin and of the subcutaneous cellular 
tissue. I question the diagnostic importance of this peculiar lid symptom. 

As a rule the two lid symptoms are not absent when exophthalmos is present, 
but they may be demonstrable in cases in which the protrusion of the eyeball 
has not yet developed. They have also been observed in one eye alone when 
there was no protrusion. When the exophthalmos is monolateral the lid 
symptoms are accustomed to be present only on the same side, but they may not 
be marked, or may be altogether absent, even when the exophthalmos is of high 
degree. They are demonstrable in about two thirds of the cases. 

To estimate correctly the diagnostic importance of the lid symptoms it 
must be borne in mind that there are persons in whom the upper lids Retract, sa 
that the palpebral fissure may gape a little, during intent fixation and lively 
conversation. A faulty associated movement of the upper lid in looking down- 
ward has been met with in healthy people by many observers, but this symptom 
is very rare in healthy persons, so it is of diagnostic importance. 

TTie physician must also take into account that v. Graefe^s symptom in par- 
ticular has been observed in other diseases of the nervous system, and that it is 
also met with in paresis of the ocular muscles. In oculomotor paresis of one 
eye that is improving, the upper lid may readily fail to accompany the move- 
me:its of the eye downward, especially if the affected eye executes a movement 
of convergence simultaneously with its depression. This phenomenon has been 
termed the pseudo-Gro^f^ symptom, on account of its similarity to the lid symp- 
tom met with in exophthalmic goitre. 

Furthermore, the palpebral fissure may gape abnormally when, in a bilateral 
associated paresis of the superior recti, these muscles react somewhat to innerva- 
tion. The increased impulse necessary in looking upward is transmitted to the 
associated elevation of the lid and acting on the levators, which are not paretic, 
naturally results in an increased upward movement of the lid. 

Finally, the palpebral fissure may be made to gape in a monolateral paresis 
of the superior rectus associated with the blepharoptosis. The abnormally strong 
innervation of the weakened superior rectus induces, by the associated innervation 
of the levator, a greater elevation of the lid, while this abnormal innervation acts 
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upon the other eye, in consequence of the secondary diversion to it. I have seen 
such a case of paresis of the superior rectus and inferior oblique, in which the 
difference in the widths of the two palpebral fissures was very distinct when the 
visual plane was lowered, but aU these complications are comparatively very 
rare and do not detract from the diagnostic value of the lid symptoms in 
exophthalmic goitre. 

A fourth eye symptom is the extremely infrequent reflex closure of the lids. 
While we normaUy wink from five to ten times a minute, albeit at unequal inter- 
vals, a patient with exophthalmic goitre winks scarcely once a minute. This is 
called r. Stelhcag*s symptom. It is not so frequently pronounced as the other 
lid symptoms. 

A number of attempts have been made to explain the occurrence of these 
three lid symptoms, the gaping of the palpebral fissure, the disturbance of the 
associated movement of the lid as the visund plane is lowered, and the derange- 
ment of the reflex closure of the lids m winking. There have been held answer- 
able for them 1, an increased contraction of the smooth muscles of the Ud; 2, a 
diminished tension of the orbicularis : S, a lesion of a hypothetical centre of co- 
ordination for the levator and orbicularis on the one hand, of the superior and 
inferior recti on the other : 4, mechanical factors due to the anatomical construc- 
tion ; 5« an increased tonicity of the levator palpebne superioris. The last theory, 
which was advanced by MotbimSy is the most pr(4>able. If we suppose the tonicity 
in the levator to be increased we have a natural explanation of the tendency to 
dilatation of the palpebral fissure, we can also understand the inhibition of the 
downward movement of the lid, and that this tendency toward dilatation of the 
palpebral fissure has an inhibitive effect on the reflex winking of the lids. 

These are the important eye symptoms, which are of diagnostic value in 
cases of exophthalmic goitre, but quite a number of others are connected with the 
disease, which I will briefly review. 

Little lateral displacements of the light streak, and fluctuations of cafike 
of the retinal vessels, synchronous with the radial pulse^ can be seen with the 
ophthahnoscope in very rare cases. They were observed first by Becker. Hie 
phenomenon has no diagnostic value by itself, for it is rare in Basedaac^t disease, 
and occurs in insufliciency of the aortic valves, as well as in chlorosis and ^M^ni*, 
Just such aninnic conditions are frequently met with in this disease. Otherwise 
no characteristic symptoms are to be found within the eye. The statemmts tiiat 
the disease may cause not only a prominence, but also an enlargement of Uie 
eye and myopia are not defendble. The behavior of the pupils, of the accommo* 
elation and of the visual field are absolutely normal. The vision is not affected, 
with the exception of one interesting phenomenon; optic atrophy and neuritis 
have been observed in some case«^ and Coppez has shown that visual distmbanoes 
which present the clinical picture of tobacco amblyopia may arise after the pro- 
kmged and exce^ve administratkxi of preparations of the thyreoid. Btreh- 
HirscMfM^ as well as Xobm>-lmmj0^^ has been aUe to produce in dogs an atrophy 
of the optic nerve with pronounced symptoms of degeneration in the retina by 
long overfeeding with thyreoiilin. Although we cannot consider here the entire 
treatment of exojilithalmic goitre we may advise care in the use of thb remedy. 
There is little of interest within the eye of our patients but he has some external 
eye symptoms. 

The:^ patients frequently complain of lacrymation for which no cxtanal, 
local cause can be fouiuL Severe attacks come on even during the ni^it, al- 
though normally the secretion of tears ceases during skep. This must havie a 
ner\-ous origin* Ttie oppooute phenomenon also is iK>t rare : the patients complain 
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of a feeling of dryness in the eye and the eye is less moist than it should be. 
This may be partially explained in cases with great exophthalmos by the fact that 
more fluid evaporates from the larger surface of the eyeball which is exposed, but 
patients who have no exophthalmos likewise complain of this symptom and we 
must therefore suppose that the secretion of lacrymal fluid is diminished. 
Whether this is due to a lessened working power on the part of the lacrymal 
gland remains to be proved. Finally we will come back to the symptom on ac- 
count of which the patient was sent to the clinic. 

The imperfect covering of the cornea, in consequence of the retraction of the 
upper lid and the exophthalmos, combined with the infrequency of winking, has 
produced a lesion on its surface, the further development of which must be pre- 
vented. The surface of the cornea appears rather dull and lustreless. Super- 
ficial infiltrations may develop in such cases and lead to ulceration and perfora- 
tion. We must deal with such a keratitis in a way similar to that employed in 
keratitis neuroparalytica. The drying of the upper layer of epithelium pre- 
pared the way for secondary infections. The eye should be protected by an 
ointment during the night in order to prevent this injury. In this eye we shall 
have to abbreviate the palpebral fissure. 

Still more severe forms of keratitis are met with in this disease, but for- 
tunately they are rare, and they cannot be ascribed wholly to the drying of the 
cornea. Both comeae may break down into pus within a very short time. Such 
a very grave keratitis has been observed in cases not attended by exophthalmos, 
in which dryness could not be the exciting cause. I think Sattler is correct in 
the theory that toxic substances probably circulate in the blood of such patients, 
and that they impair the nutrition of the corneal tissue and lower its power of 
resistance to bacterial infections in a way similar to that which I pointed out in 
the discussion of keratomalacia. An increased pressure upon the cornea must 
therefore be avoided in grave cases of this disease; hence the field of application 
of shortening the palpebral fissure has its limits. 

There are only two more ocular symptoms to be taken into account in con- 
nection with this disease. Moebius pointed out the presence of an insufliciency 
of convergence, which has accordingly received the name of Moebius* symptom. 
According to Sattler such an insufliciency of convergence is comparatively rare 
in Graves* disease, and the conditions of dependence of the insufliciency upon 
the refractive condition of the eyes must be considered. When a patient with 
this disease has a high degree of myopia, with which an insufliciency of con- 
vergence innervation is associated, it cannot be spoken of as a specific symptom 
of exophthalmic goitre, but a latent insufliciency may readily be made manifest 
by nervous exhaustion. 

Finally, it must be mentioned that pareses of the ocular muscles may be 
met with in grave cases of this disease, especially in the form of bilateral oph- 
thalmoplegia externa. Pareses of associated muscles have also been observed. 
Pareses of individual muscles occur, but they are rather rare. 

I will say, in connection with this case, that there are other general diseases, 
and cases of poisoning, in which we meet with exophthalmos as a symptom. One 
of these diseases is acromegaly. According to Hertel this symptom is due to 
an abundant proliferation of the orbital fat. Birch-Hirschfeld saw acromegaly 
start with an attack of exophthalmos, and he believes that the tumor of the 
hypophysis caused circulatory disturbances in the orbit by compression of the 
cavernous sinus. 

Cases have been observed in which exophthalmos developed after the pro- 
longed use of preparations of thyreoidin, and exophthalmos can be produced ex- 
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pcnmentaDT in tbu iduukt m rafatnts and monkers, as has beoi proved 
Cmmmimgkmm and KimmmdM, Birck-HirackftU did not saccetA in ofatAintag I 
same rcsoH in dogs. 

llwR is bcFVcrer a pmsoo, paiaphaijkndianun. with vliidi ■ hi^ deg 
of cxopfathalmos can be prodond r^nlarlr in dogs. If a dog is injected si 
cakMaeaash vrtli 0.06 gram of parapbenTkndiamin hTdroclilorate to eadi ki 
gram of hoAj vo^t, a gnat exopfathaiiDos viD derekip within a few boa 
Tlie drag ako caiu» in the animab an increased Mcretioo of tean and nmc 
together wrth a cansiderable deration of the intrmocnlar teiHion. Tbe exo] 
th»Tf'*' ^ pnKfaiced by a gnat mkma of the orbital ceDnlar tisaoe. as <bo 
br the anatomical nse^nha of Grumtrt. Tie poison caases an acute engorj 
wbA of Irmph in the orfnt- It is wdl to be acquainted «ith this ^cct of pai 
phoi jlendia m rxi . because it is used as a coanetic for dyeing the hair. 

I have instilk<l sonie drops of a strong st^ticm of "^■■Tn in one eve of t 
patisrt to coDc^ode tlie flaDOnstiation. When tbe two eyes are compared a 
lataticn cf the paipebral fismre of tbe cocainiad eye can be perceired. and I 
CTV gives tbe impression that it is driren forward somewbat.and that it is starii 
i.^xni azul GuiScTti believed thi< exophthalmos to be prodDced by the rda] 
tkm of tbe reflex taision of the orbicularis and by stimulations of the tennii 
flamrats of tbe $ympatlwtic in MmtOer't muscle, but Birck-HinchfHd has sho 
that thit exa|Athahna)( is no greater than tbe pro trusio n of the ^obe in pass 
dilatatiaD of tbe palpdiral fisnnv. Hence we have to consider tbe dilatation 
tbe patpcfaial fisiore to be tbe caily cause of the exofAihafanoB prwfaiced bv • 
eain. This effect of cocain decides tbe qoestian whether the staring of an < 
depends mainly on the dilatatioD of the palpebral fintire. As soon as tbe p 
petval fissure gape» widely we enostder the eye to be staris^; it has been d 
1 forvaid ooIt a littk. 



117. Oxycepbalia and Exophthalmos 

TIds child has a congenital defonnity of tbe skulL a typical t n ■ pg| j>^) 
Sdch cases are of interest for two reasons : optic neuritis and atrophy are caui 
in a large perc^itage of the cases, although the optic nerres are normal in t] 
patient, and bilateral exophthalmos is often present. It is necessary to rane 
ber tbe intimate relations that exi<t between the eye and the orbit in order 
onderstaad tk« reasoc for tbe excphthalmoii in oxTcephalia. When the eve ol 
child is (nucleated tbe orbit remains backward in its developmait: imerwlr 
ikfoncity of the crbtt influences the position of the eyehalL We see this t 
cfnplifi«l m caMs in which a high degree of exopfathshnos results frm ectaj 
cf the walls of tbe acce«scry minuses. 

Tbe cccfiguratioc of the orbit is changed in oxycepliatia : it is eonsiderab 
sbort^Md by a frmtal petition of the greater wing of the spbenowL Tbe oris 
of tbe defcrmity wa* a^cHbed by I'tn-Aox to i prer.iature <:««ific»tion of the sutu 
ccnaiaria. and r. MkM w&s the 6rst to de«<-nbe a case of oxTcephalia wi 
exophthalmos. In nx«t cases the excphthalii:c« has only a diagnostic inter* 
and is slight, tat occasionally it osay be w great as to gire rise to a keratitis 
lagcf^thaima. 

Vktkof has called attenticc to the fact that exorbthalmos may occasional 
occur in hydrocephalus, but this rarely hspp«cs, because the atmonnal intr 
oanial |«esBim acts uciiCTndy ia all d^r^ctioiis xad presses the sutures apa. 
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instead of pressing in the roof of the orbit. Still it has been shown in 
cases with exophthalmos that such a depression of the roof of the orbit 
may be produced by both hydrocephalus intemus and externus. I may finally 
mention that in extremely rare cases an exophthalmos has been ob8er>'ed in con- 
nection with rhachitic lesions of the skull, produced by the depression of the 
roof of the orbit by the simultaneously existing hydrocephalus. 



XI 
Glaucoma 



118. Acute Glaucoma and Its Prodromal Stage 

If every general practitioner would learn to recognize immediately the 
peculiar nature of the disease from which this patient is suffering he would ac- 
complisti much good and prevent much harm. The clinical picture is so charac- 
teristic that the dingnosis can be made without reference to the history. 

About the cornea is a marked injection of a peculiar, dusky color, in the for- 
mation of which both systems of vessels are involved. Vessels from the episcleral 
plexus anastomose and surround the cornea like a wreath, while the vessels of the 
scleral conjunctiva are twisted, tortuous and surcharged with blood. The an- 
terior ciliary veins, which accompany the recti, are abnormally distended. It is 
not nitliout reason that I call attention to the peculiar color of this injection. 
This is no such hyperemia as we have been accustomed to meet with in other 
acute inflammations; it has predominantly a venous character, the character of 
engorgement. 

The cornea exhibits a peculiar dullness ; it looks as if it had been breathed 
upon and has lost its lustre. Its surface looks as if it had been pricked with 
needles, and little unevennesses may be seen with Zeiss' loupe, which ore really 
due to desquamations of the epithelium. It is abo insensitive. If I touch the 
cornea with a twisted hit of cotton the patient does not feel it. This insensitive- 
ness is not always uniform, but some portions may have less feeling than others. 

The anterior cliamber is very shallow; it is evident that the tens and iris 
have drawn near to the cornea. 

The pupil is dilated and. In this case, it is oval. The iris is narrower above 
tlian below, and the entire pupil seems to have been displaced upward. From 
within it comes a gray, or greenish gray reflex. 

1/ this does not suffice for the diagnosis, the intraocular tension must be 
tested. Allow me to explain how to make this test, for I have repeatedly seen 
it done in an erroneous manner. 

I direct the patient to close his eyes gently, as if in sleep; then I place the 
forefinger of one hand on the inner half of the upper Hd, the forefinger of the 
other hand on the outer half, and then test the fluctuation by pressing alternately 
with one finger and then with the other upon the eyeball- It is improper to 
(hrect the patient to look down during this examination, because, aside from the 
fact that in response to this direction patients sometimes excite spasmodic con- 
tractions of the muscles of the lid and face, which may cause quite an'increase in 
the tension of the eye, it is possible that the turning of the eye downward may 
cause an increase of tension in consequence of the compressing action of the ex- 
ternal muscles, and thus we introduce a source of error into our examination that 
may easily be avoided. 

472 



TESTING THE INTRAOCULAR TENSION 

Numerous instruments have been devised for the purpose of giving us the 
intraocuhir tension in (inures, hut none of them can supplant this simple method. 
It has been calciihtted thnt the normal tension of the eye is equal to the pressure 
of 24 mm of mercury, hut we have little to do with this elinicnlly- 

Every student must lenrn the feeling of the normal tension by practice in the 
examination of many patients. The tension of the human eye varies in fairly 

■ limits under normal conditions, and yet the physician soon learns to detect 
from the feeling whether it is increased or not. It is very judicious to compare 
the tension with that of one's own eye in doubtful cases. An accurate tono- 
metric examination of each case should he made In the clinic. 

In order to have comparative designations for the different degrees of hard- 
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Ineu in our descriptions, we follow the suggestion of Bowman. We designate 
I normal tension as Tn (tension normal) and express the increase by means of the 
I figures 1, 2 and 3, preceded by the sign -]-. T + 1 means that there is a slight, 
I but distinctly recognizable, increase of tension ; when this is questionable we 
I write T-|-l(?). T-|-2 means that there is a considerable increase of tension : 
[ T -|- 3 that the eye is stony hard, that no impression can be made on it with the 
Ivfinger. We find T -|- 3 in our patient, which completes the diagnosis. 

This condition of f^ie eye, in which there is a considerable increase of tension, 
e call glaucoma. The next question is concerning the source of this increase 
(of tension. 

The diseases of the eye in which the tension is increased are divided into two 
e groups : those of primary, and Uiose of lecondary glaucoma. By primary 
ma is understood an increase of tension that has taken place in the eye 
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without having been induced by any other morbid process. Primary, genuine 
glaucoma is therefore a disease sui generis. 

In secondary glaucoma the increase of tension is occasioned by some other 
affection of the eye. We have already met with it repeatedly, for instance as a 
result of seclusio pupi]l», and in the course of a sarcoma of the chorioid. 

The first thing to be determined in this case, therefore, is whether the attack 
is one of primary, or of secondary, glaucoma. The history furnishes data; the 
patient has hitherto had healthy eyes, but the objective examination gives the 
final answer: we find no additional pathologic changes which can be bold re- 
sponsible for the great increase of tension. This increases the probability that 
we are dealing with a primary glaucoma, but the differential diagnosis is not yet 
complete. 

Primary glaucoma, regarded from the clinical standpoint, appears in three 
different forms: 1, acute inflammatory glaucoma; 2, chronic infiammatory glau- 
coma; 9, glaucoma simplex. Three fundamental symptoms are common to all: 
1, the intraocular tension is more or less distinctly increased; 2, the character- 
istic glaucomatous escavation of the bead of the optic nerve develops when the 
disease has lasted for some time; 3, the vision fails, and blindness finally supier- 
vene.*;. 

We need the aid of the history again to help us to differentiate these different 
forms. The patient says that the pains began quite acutely; they are situated 
both in the eye itself and in the brow and temple, radiate into the teeth of the 
upper jaw, extend frequently over the entire half of the head, and are often 
intolerably severe. The appearance of the eye by focal illumination shows it to 
be severely inflamed. There can no longer be any doubt that we have to deal 
with an acute attack of glaucoma. 

When we try to look into the eye with the ophthalmoscope we find the re- 
fractive media cloudy, especially the cornea, as may be seen by focal illumi- 
nation. 

The assertion has been made that the lens is saturated with scrum during 
an attack of acute glaucoma, but I believe this to be untrue and impossible. 
The involvement of the vitreous in the cloudiness is still a matter of debate. 
However this may be, an ophthalmoscopic examination can be made very im- 
perfectly, if at all, during an acute attack of glaucoma, on account of the 
opacity of the refractive media. 

If this were a case of chronic inflammatory glaucoma we could find and ex- 
amine the optic nene much more easily, and in glaucoma simples the diagnosis 
is apt to be made first by means of the ophthalmoscope. Thus the history and 
the objective examination together inform us with certainty that this is an acute 
attack of glaucoma. 

The severe pain is not the only symptom that has led this patient to consult 
us ; he is alarmed concerning bis vision. He can count fingers only a very short 
distance from his eye. Vision usually sinks very rapidly in an acute attack of 
glaucoma. The patient may still be able to read with difficulty at first, and 
then the vision may fall within a few hours to quantitative perception of light. 
When it is possible, in less severe cases than this one, to test the visual field it will 
be found to be contracted' 

A number of cases have been reported in which the eyes were permanently 
blinded by the first attack of glaucoma in the course of a few days, or even of a 
few hours. This worst form of acute glaucoma was named by v. Graefe glau- 
coma fulminans. In the majority of cases the course and result of an acute 
attack of glaucoma is not so sad as this. The pains and inflammatory symptoms 
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gradually retrogress after several hours, or days, sometimes after weeks, the 
cornea becomes clear and the vision improves, but the vision never becomes as 
good again as it was before the attack. 

An acute attack of glaucoma does not pass off without leaving traces in the 
affected eye; certain ominous signs permanently remain from which we can 
recognize a primary glaucoma, or a predisposition of the eye to this disease. 

The anterior ciliary veins about the cornea remain overfilled, the anterior 
chamber is shallower than it should be, the pupils have a suspicious tendency to 
dilate, and react more slowly than in a healthy eye. We find in the iris signs of 
commencing tissue atrophy, it is narrow and slate gray. 

If an examination is made with the ophthalmoscope after the acute attack 
has passed away, the head of the optic nerve is seen to be much reddened. This 
is only a sign of the great general hyperemia which existed during the increase 
of the tension. 

Attacks of acute glaucoma recur after intervals of rest. They are not 
usually as intense as the first one, but each causes a further loss of vision, until 
finally the eye is rendered blind. During this time the glaucomatous excava- 
tion of the head of the optic nerve has gradually developed. 

A second possible course is that the acute attack does not quite disappear. 
The pains and severe symptoms become ameliorated to a certain degree, but the 
tension remains permanently above the normal ; in other words, chronic inflamma- 
tory glaucoma supervenes upon the acute attack. 

No proof is needed that the promptest help is necessary in an acute attack 
of glaucoma. In 1856 Albrecht v. Graefe made the great discovery that an 
eye thus seriously endangered could be saved by iridectomy. 

The essential symptoms of glaucoma is the increase of tension, and, if we are 
to understand the clinical picture, we must try to trace back to it the other 
symptoms. 

The extremely numerous sensory nerves in the ciliary body and iris are com- 
pressed when the intraocular tension is suddenly increased to such a degree; 
this explains the pains felt by the patients. Heavy pressure is brought to bear 
on the blood vessels, especially the veins, which have the least resisting pressure 
within them. The principal veins that conduct most of the blood from the in- 
terior of the eye, are the venae vorticosae, which are easily compressed because 
of their oblique course through the sclera. The blood coming from the uvea 
must then seek another outlet, which it finds in the anastomoses of the anterior 
ciliary veins, and when these anterior ciliary vessels are dilated and surcharged 
with blood they form the thick, vascular wreath about the cornea. Thus the 
increase of tension explains the circumcomeal injection. 

In an acute attack of glaucoma this increase of tension sets in suddenly and 
with great vehemence, and creates a disturbance of the circulation associated with 
(edematous engorgement. This inflammatory oedema causes the opacity of the 
cornea. It may be seen immediately after an iridectomy that this opacity is not 
•due to an infiltration, or to a cellular exudate, for when the tension is lowered it 
disappears as quickly as it came. 

The insensitiveness of the cornea is also easily explained through the increase 
of tension. The ciliary nerves are compressed and paralyzed, while the inflam- 
matory oedema interferes with their nutrition. It has been demonstrated ana- 
tomically by Fuchs that the oedema spreads along the nerve fibres in the cornea, 
and may extend through Bowman*^ membrane even into the epithelium. 

The dilatation of the pupil is partly explained by the pressure paralysis of 
the fibres of the oculomotor nerve. The iris and lens are pushed forward simul- 
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taneously, in consequence of the increase in volume of the vitreous, and render 
the anterior chamber shallow. At the same time the insertion of the iris is 
pushed farther forward by the displaced ciliary processes, a circumstance which 
contributes to the dilatation of the pupil. If this displacement of the insertion 
of the iris is particularly marked in any one direction, the pupQ must necessarily 
assume an oval form. 

The gray green reflex is explained by this dilatation of the pupfl. We 
would not linger over this were it not that from it glaucoma received its name 
yXavxi^ (sea green). This gray or greenish color of the pupil is nothing 
else than the normal reflex of the old lens. We see it in all elderly people when 
their pupils have been dilated with atropin. It is seen so distinctly in glaucoma 
only because the pupil is dilated so that the sclerosed, old lens reflects light more 
strongly. 

The inflammatory hyperannia of the head of the optic nerve and the pulsa- 
tion, which is still to be elucidated, are also consequences of the increase of ten- 
sion, and so is the glaucomatous excavation of the papilla, which appears later, 
as well as the visual disturbances, in which the cloudiness of the cornea takes an 
essential part. 

The pressure bears most heavily on the retina. When an arterial pulse b 
present it shows that the cardiac systole alone is able to force fresh blood into 
the vessels, and when this is absent there must be a greater or less degree of 
retinal ischannia as the result of the increased tension. The pressure within the 
arteries becomes less the farther they are from the heart, and therefore the 
terminal expansions of the retinal arteries are usually compressed; this results 
in a contraction of the visual field, which often starts in the nasal half, in a 
way characteristic of glaucoma. As the optic nerve and its principal artery 
are situated to the nasal side of the posterior pole of the eye the vessels that 
supply the temporal half of the retina must extend a longer distance than the 
others, their compression will result in a more noticeable disturbance, and the 
interference with nutrition in the temporal half of the retina produces a cor- 
responding defect in the nasal portion of the visual field. Aside from ihe 
ischemia, the retinal elements themselves suffer from the increase of tension : at 
least, the recent researches of Schreiber have made it probable that grave lesions 
may be produced b}* the h^^penemia and serous saturation of the retina. A com- 
paratively slight pressure on the retina can cause a local reduction of its 
sensitiveness, as ma}' be proved by pressing the outer wall of one's own eye with 
the finger, when a corresponding darkening of the visual field may readily be 
perceived. Taking all of these things together we see that the most essential 
ocular symptoms in acute glaucoma can be obtained from the increase of tension. 
This renders the clinical picture of acute glaucoma rather more understandable, 
although the entire nature of the disease has by no means been satisfactorily 
explained as 3'et. 

The changes which are to be seen in the eye of this patient usually require 
some time for their development. During this period coming events cast their 
shadows before, and it is well when the physician knows these harbingers of 
evil, for the earlier glaucoma is recognized the more can the patient be helped. 

The symptoms in the prodromal stage are both subjective and objective. As 
the disease usually attacks persons who are advanced in years it is not surpris- 
ing that many patients come to the physician because of troubles which seem to 
be purely presbyopic, yet it occasionally happens that the ophthalmologist finds 
this presbyopia to have appeared too early. This premature presbyopia has 
been ascribed both to a diminution of the range of accommodation and to a de- 
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crease in the refraction, and it may be supposed that the glaucomatous process 
is in part the cause. In harmony with other ophthalmologists I consider it not 
proved that the refraction may diminish in consequence of glaucoma, for we find 
the condition of the refraction remaining the same even when the glaucoma has 
lasted for years. It has been demonstrated experimentally by Roster that the 
anterior segment of the eyeball undergoes no change of form when the tension 
is greatly increased, and particularly that the radius of curvature of the cornea 
is not increased, as it would be expected to be if the hypermetropia were increased 
during the glaucomatous increase of tension. Direct measurements of the 
human glaucomatous eye have also failed to detect any change in the radius 
of the cornea. 

Statements have been made that astigmatism against the rule is very common 
in glaucoma ; some claim it to be the consequence, others the cause of the disease,^ 
but no substantial reasons for either view have been advanced. 

The opposite condition, an actual increase of the refraction has occasionally 
been seen, or supposed to exist. These claims of fluctuating refraction are of 
interest to the ophthalmologist alone, while the frequent clinical observation of 
an unusually rapid recession of the near point is of interest as well to the general 
practitioner, for cases have been frequently met with in which this rapid reces- 
sion of the near point was noticed a long time before other signs of glaucoma 
became manifest. In regard to this question of premature presbyopia, we must 
note that hypermetropic eyes, in which the first signs of presbyopia naturally 
appear rather earlier, are the more frequently attacked by glaucoma; the per- 
centage as given by statistics varies from 50 to 75. 

When a very rapid onset of presbyopia is the first precursor of glaucoma, 
we cannot ascribe the symptom to a partial paralysis of the branch of the oculo- 
motor nerve that supplies the ciliary muscle, because the tension is not increased^ 
I also consider as very questionable Schmidt-Rim pler*s idea that an increased 
tension of the vitreous produces a greater relaxation of the zonule. It seems to 
me more plausible to suppose that the nutrition of the lens is impaired in such a 
way as to cause a loss of its elasticity, for there is no doubt that the conditions 
of nutrition and metabolism in eyes that finally suflFer from glaucoma have been 
abnormal for a long time prior to the attack. For practical purposes of diag- 
nosis it is sufficient to know that the possibility of an approaching glaucoma 
should be taken into account in elderly people who complain of a rapid increase 
of presbyopia. 

Other observations that many glaucomatous patients make for a long time 
before they consult a physician are worthy of attention and are of considerable 
importance. Our patient tells us that for a considerable length of time he has 
occasionally seen variegated circles about lights when he looked at them. These 
rainbow colors are rather characteristic, in that the outer ring is usually violet, 
with concentric rings of red, yellow and green as the flame is approached, while 
immediately about the light is a dark zone that separates it from the rainbow 
colored ring. 

Less commonly patients complain during their prodromal stage of other 
chromatopsias ; the seeing of colorless rings, or of stars. We suppose that these 
photopsias are caused by a slight (edematous opacity situated in the central part 
of the cornea. According to Fuchs this diffraction probably takes place in the 
deeper layers of the corneal epithelium. A conception of this phenomenon, met 
with in patients suffering from glaucoma, can be obtained by looking at a 
light through a glass coated with a 0.125% solution of erythrophloein hydro- 
chlorate, as suggested by Treacher Collins. Analogous color phenomena may 
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abo be observed in winter by looking through a window that is covered wi 
frost. 

It must be borne in mind that this chromatic rision is not characteristic 
gtaucooia alone. It happens not infrequentlv that patients who have complain 
of chromatopsia are sent to us by apprehntsive physicians. Analogous sym 
toms agpear even in simple conjunctivitis, when mucus, or a thin layer of bloc 
happens to lie on the cornea, and naturally disappear at once whoi these su 
stances are removed. Colored areols may also appear about lights in commei 
ing cataract, and even with the normal eye under suitable experimental coiu 
tions, but they do not appear paroxysmally. 

Our patient has still other symptoms to tell us of. Together with the chrom 
topsia it seemed to him periodically as though he saw all objects through smo) 
or as thou^ a cloud was in front of his eyes. These periodical obscuratioi 
which are met with in the prodromal stage of glaucoma, usually occur in coimt 
tion with the diromatopsia. The vision need not be impaired ; in bod cases t 
visual field is temporarily contracted. These obscurations are easily explain 
by the transient cloudinesses of the cornea. It may be concluded from tbe co 
traction of the visual field that the function of the retina itself may Be Impair 
in had cases. 

Ciliary neuralgia is not imcommonly the most marked subjective prodrom 
symptom. Our patient tells us that formerly, before this severe attack of ^ 
coma, he suffered from analogous, though less severe pain. It is not witho 
diagnostic interest to know that in some cases a severe trigeminal neuralgia mj 
exist, to which is added later the development of glaucoma. 

A dbtinct reduction of the light sense can be detected occasionallv bv mea 
of FofTMter'a apparatus during the prodromal stage of ^aucoma, at the time 
the obscuration. 

When we have to deal with patients who present symptoms suggestive 
the prodromal stage of glaucoma we can also detect objective symptoms. I 
create of tension is present, even in mild prodromal attacks, and sometimes y 
wonder how the vision can remain normal so long with a distinctly elevated intr 
ocular tension. 

The other characteristic features of glaucoma are not so marked during t 
prodromal stage. The pupil exhibits a tendency to dilate and a sIowqcm in i 
reaction to light, but the inexpert must remember that the pupillary reaction 
less extensive and prompt in elderly persons. A shallow anterior chamber atoua 
suspicion, but it must also be borne in mind that the anterior chamber becmn 
shallow in old eyes. One of the best evidences, in connection with the increase 
tension, is a fine, smoky cloudiness of the cornea, but this is not always clear 
demonstrable in the mild attacks of the prodromal stage. The testing of t! 
sensitiveness of the cornea requires great care, according to my experience, 
order to be able to draw from it positive conclusions as to the existence of 
prodromal stage of glaucoma. 

Two ophthalmoscopic symptoms may finally be mentioned. OccaaioDall 
though rarely in comparison with the frequency of glaucoma, an arterial pul 
may be obser^-ed on the papilla in the prodromal stage, when the brandies < 
the central artery may be seen to become alternately pale and red, but on] 
during their course over the papilla. We suppose th.it the central artery is i 
compressed by the increase of tension that the blood can no longer enter coi 
tinuously, but that the greater quantity of blood impelled by the systole of tl 
heart is still able to overcome the pressure, and so a sort of intermittent influ 
b produced. A symptom that is niarkotl. and is characteristic of { ' 
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that the veins of the papilla and retina arc not bloodless, but on the contrary 
distended and tortuous. This sign of venous engorgement may be seen on the 
papilla itself, which appears to be greatly reddened. When we press upon 
the eyeball, and so cause an increase of tension in another way, the veins become 
smaller and the papilla pale, but in commencing glaucoma the venous hyperemia 
exists with the increased tension and the arterial pulse, a sign that local changes 
have taken place in the vessel walls. The general practitioner however cannot 
be expected to know, recognize and discover these latter symptoms of a 
prodromal stage. 

When elderly people complain of premature presbyopia, of photopsias, 
obscurations and ciliary pains, when the tension in each eye is thought to be in- 
creased, and there seems to be a suspicious tendency of the pupil to dilate, the 
prodromal stage of glaucoma should be taken into consideration. 

119. Chronic Inflammatoiy Glaucoma and the Pathology of 

Glaucoma 

This aged patient tells us that the disease in his eyes has developed very 
^adually. At times his vision has seemed to be rather bad, but he ascribed no 
special importance to this because he thought it a symptom of age. He has had 
slight pains about his eyeball occasionally, which extended down to his teeth, 
but he gave them no particular attention. The discovery that he could see 
only a very little with one eye and that he had a sensation of darkness on one 
side of the other led him to consult a physician in the hope that he could be 
helped with stronger glasses. He has changed his glasses frequently of late, 
always getting stronger ones. 

Observation of the eye by daylight reveals a peculiar picture. The sclera 
appears strangely livid and the eye looks "dead." Broad, dark blue, ramifying 
vessels course over the sclera and form a dense vascular plexus about the cornea. 
These vessels cannot be moved to and fro with the conjunctiva and are therefore 
the anterior ciliary veins, but while, under normal conditions, these veins run 
from behind forward and pierce the sclera near the margin of the cornea, they 
have formed in this case broad, ectatic branches, which have taken the form of 
a plexus. 

The cornea does not appear perfectly transparent by focal illumination, and 
its surface exhibits minute defects of epithelium and irregularities. If we test 
its sensitiveness with a bit of cotton we find it to be distinctly diminished. The 
anterior chamber is extremely shallow, the iris and lens appear to be v^ry close 
to the posterior surface of the cornea. 

The pupil is dilated, is oval vertically, and reacts to light with extreme 
slowness in one eye and not at all in the other. A greenish gray reflex comes 
from within it. The iris is narrowed in consequence of the dilatation of the 
pupil, is shrunken above to a narrow edge, and no longer has a normal appear- 
ance. In some places we see gray spots, the relief and the fibrous structure are 
lost and it has evidently become very atrophic. The atrophic condition can be 
recognized still more distinctly with Zeiss' loupe. 

The refractive media are still transparent and a typical glaucomatous ex- 
cavation can be seen with the ophthalmoscope. The optic nerve is white, 
atrophic, deeply excavated; the vessels are pressed over to the nasal side and 
bend sharply over the margin in passing to the retina. About the papilla is a 
pale areola, the halo glaucomatosms. 
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Next we test the intraocular tension and find it distinctly elevated. 

The reduction of the central vision and the contraction of the visual field, 
taken in connection with the deep excavation and the other objective changes in 
the eye, determine the diagnosis to be glaucoma. 

The next question is: What form of glaucoma is this? The disease has 
developed spontaneously, insidiously, and in both eyes, without any other lesions 
acting as the cause of the increase of tension. It is therefore a primary glau- 
coma, of which there are three forms: the acute inflammatory, the chronic in- 
flammatory and the simple. The latter we may exclude because the tension is 
increased, and because it is plain from the history of pains and obscurations 
that attacks of inflammation have occurred. The course of the disease is not 
that of an acute glaucoma, there has been no acute attack. Hence it is a chronic 
inflammatory' glaucoma. Impress this clinical picture upon the memory. This 
is a disease that it is always well to bear in mind when we have to deal with the 
loss of vision of which old people complain. 

The danger of this disease inheres in the fact that because of its gradual 
development its sj-mptoms are often recognized too late, as in this patient. The 
longer a chronic inflammatory glaucoma exists the plainer become its symp- 
toms; engorgement of the anterior ciliary vessels, immobility and dilatation of 
the pupils, shallowness of the anterior chamber, increase of tension and excava- 
tion of the optic nerve. Such eyes finally become blind, either very gradually, 
or during an acute attack. 

The most essential clinical symptoms may be explained by the increase of 
tension, just the same as those of acute glaucoma. The principal avenue of 
escape for the blood from within the eye, the venae vorticosae, are compressed; 
consequentl}' a compensatory engorgement is formed in the anterior ciliary 
veins. The vascular plexus about the cornea has been named the caput Medusae. 
The increased tension is responsible for the advance of the lens and iris, the shal- 
lowness of the anterior chamber, the dilatation of the pupil, the insensitiveness of 
the cornea. It has caused the excavation of the optic nerve, the atrophy of the 
nerve fibres, the loss of vision, the contraction of the visual field, and finally the 
blindness. 

Still glaucoma remains an enigma, for the question remains unanswered: 
Whence comes all this increase of tension.^ If we would try to reply to this 
question we must first investigate two things: we must know how the change of 
fluid takes place in the normal eye, if we would form an opinion concerning it 
under pathological conditions, and we must determine the pathological dianges 
in the glaucomatous eye that govern the evident disturbance in the change of 
fluid. 

An enormous amount of industry and labor has been expended on the study 
of the pathology of glaucoma, a labor that has merited better results than it is 
able to exhibit. I am convinced that the pathology of glaucoma predominates 
over a problem, to the solution of which it can contribute but moderately. The 
difficulties are these: It is inherent in the nature of things that very few eyes 
with commencing glaucoma have been examined pathologically, and yet we must 
depend on these primarily for knowledge of the nature of the disease. The most 
constant characteristics that have been found in the earliest stages of acute 
glaucoma are cedematous conditions in the posterior segment of the eye, in the 
papilla, retina and chorioid. In addition Bimbachrr and EUchnig foiuid 9 con- 
traction of the veins that conduct the blood from the uvea ; the venous emissaries 
of the venae vorticosa? were infiltrated with cells and contracted. 

Eyes in which glaucoma had existed for a long time have been examined far 
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more frequently, and the lesions found may be studied from sections and draw- 
ings. Three cardinal signs constantly met with are: 1, changes in the blood- 
vessels ; 2, excavation of the papilla ; 8, changes in the filtration angle. None of 
the other lesions are so striking in comparison with these. 

Glaucoma is a disease of persons in advanced life, and we know that a 
change takes place in the blood vessels in elderly people which causes them to lose 
their elasticity, to become worn out. Everyone thinks at once of arteriosclerosis, 
hence vascular changes have been sought for and found in glaucoma from the 
very beginning. Ever since the time of Graefe^ attention has been called re^ 
*peatedly to the frequent arteriosclerotic conditions in glaucomatous eyes. Btm- 
bacher and Czermdk found changes in the vortex veins, consisting of peri- and 
endophlebitic proliferations of cells which caused a contraction of the lumen. 
Others have been unable to find such an endophlebitis obliterans. Those who 
find these conditions arc inclined to suppose that such a thickening of the veins 
in the principal outlet for the intraocular blood may produce a venous engorge- 
ment and an increase of tension. Vascular changes have also been found, though 
again not uniformly, in the second most important outlet, the ciliary veins and 
JSchlemm*s canal. Schlemm*8 canal is sometimes completely filled with blood, 
rsometimes partially obstructed, sometimes totally occluded. Pigment cells may 
<be met with in its wall and in its lumen. 

The conditions in the chorioidal vessels are likewise full of contradictions. 
Marked sclerotic thickenings of their walls are found in some eyes, nothing of 
this nature is present in others. Sometimes an endarteritis is met with that has 
produced a total obliteration. In some cases the vessels of the chorioid are 
dilated, in others they are atrophic. On the whole we must agree with BarteU 
that the changes in the vessels of the chorioid represent only varying degrees 
of the sclerosis which we meet with in age without glaucoma. 

The same condition confronts us in the vessels of the iris. When normal 
they are somewhat thicker and more rigid physiologically in age, and we also 
meet with proliferations of the adventitia. Increased fullness alternates with 
atrophy of the iris and hyaline degeneration of the vessels. The vessels in the 
ciliary body are likewise in part dilated, in part contracted. We sometimes meet 
with proliferation of the endothelium, and again with perfectly normal construc- 
tion. A comparatively constant anatomical condition is the dilatation of the 
.anterior ciliary veins, but it must not be forgotten that they too have been 
found stenosed. The conditions in the anterior and posterior ciliary arteries are 
too inconstant to permit any conclusions to be drawn from them. 

Greater importance is to be ascribed to the changes in the retinal vessels. 
Endarteritis obliterans and hyaline degeneration of the walls have been found 
repeatedly, and made answerable in part for the glaucoma. A homogeneous wall 
of the sclerosed retinal vessels, without nuclei, should be typical of glaucoma, 
but this statement is not in harmony with the actual conditions. We meet with 
fibrous thickenings, proliferations of the intima, and normal vessels. Throm- 
boses in the central vein have been noted in certain forms of the disease, but the 
question is : Do the diseases found in the vessels present anything characteristic 
or specific of glaucoma? Can it be recognized from a microscopical examination 
of these vessels that glaucoma was present? This question has been answered 
again in the negative very recently by BarteU^ and, in my opinion, the reply 
should be most emphatic. 

We will turn from the blood vessels to the glaucomatous excavation, which 
was demonstrated anatomically for the first time by Heinrich Mueller in 1856. 
In contrast tp the vascular changes this is the sjrmptom of the pathology of 
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ginucoiiia which Is characteristic of the disease. It will be noticed flrst that the 
lamina cribrosa is strongly pressed backward, thickened nnteriorlj- and com- 
pressed. There "s a deep cup in the head of the optic nerve, its bottom formed 
by the lamina cribrosa, its lateral walls by the sclera. Traces only of the 
original tissue of the papilla are present, consisting of neuroglia, atrophic 
nerve fibres and drops of myehn, which form a thin layer over the bottom of the 
excavation. Remains of atrophic ner^c fibres also r'we along the steep walls and 
bend over the sharp "neck." The vessels are pressed together in the nnsal por- 
tion, I wish to call particular attention to the extreme thinness of the retina at 
the sharp margin of the cup over which the vessels pass. It can be seen in some 
preparations that peculiar fissures and cavities may be formed in the papilla 
during the development of the excavation. I would not call special attention 
to this were it not that it has been named by Schnabd "cavernous disease of the 
optic nerve," and was considered by him to be a lesion characteristic of glaucoma 




Fig. 99.— Glaucomatous Excavation. 



alone, but ttierc is no doubt that cavities arc met with in the papilla; of eyes that 
are not glaucomatous, as has been shown by Schmidt- Himplcr, Schreiber, Ax«n- 
fcld. Stock and otliers. 

c now to the third and most important cardinal symptom of the path- 
ology of glaucoma, the occlusion of the sinus of the anterior chamber. It is 
here, between the ciliary body, iris, and cornea that the intraocular fluid leaves 
the eye and flows into Schlemm't canal, a circular vein. This space, known as 
Fontana's space, is the principal outlet of the aqueous. This outlet it occluded in 
extremely many glaucomatous eyes. It is evident at once that the occlusion of 
such an outlet may, under certain circumstances, lie fatal to the eye. 

This occlusion of the filtration angle may be produced in various ways. In 
numerous cases we find the root of the iris pressed against and adherent to a con- 
siderable extent of the posterior surface of the cornea. In other cases only the 
posterior part of the sclcrocorneal bundles of fibres are covered by the iris, so 
that only a part of Fontnna'i space is obstructed. This adhesion of the root of 
the iris to the corneoscleral margin, whether of greater or of less extent, evi- 
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dently may arise in two ways: a primary inflammation, which results in ad- 
hesion, may take place in the sinus of the anterior chamber, or we may imagine 
that the root of the iris is pressed from behind against the cornea and then grows 
adherent. Numerous investigators, among whom Czermak and Bimhacher are 
prominent, have found signs of adhesive inflammation, newly formed tissue, 
in the sinus of the anterior chamber, while Ad. Weber thinks that the root of 
the iris is pressed forward by the venous engorgement of the swollen ciliary 
processes. 

There is still another way in which the outlet may be closed in glaucoma. 




Fig. 100.— Occlusion of the Sinus of the Anterior Chamber in Glaucoma. 

4 

The sinus of the anterior chamber may be perfectly open and the obstruction, 
be in SchlemrfCs canal. Stenoses, due to inflammation in its neighborhood, which 
obstruct the outflow, are met with. This occlusion of the filtration angle, in one- 
form or another, is the rule in glaucomas that have lasted long. 

Still there are exceptions to this rule. I have a properly pr.epared eye with 
glaucoma simplex in which the filtration angle is open. In such cases the 
difficulty in filtration must be due to other causes, such as atrophy, or indura-. 
tive inflammation of the trabeculum sclerocorneale. These are the most im- 
portant and most utilizable facts to be drawn from the pathology of glaucoma 
to account for its origin. 

Among the lesions in the other tissues of the eye are oediematous swellings to^ 
be found in the retina, especially near the papilla, in recent cases of glaucoma. 
In cases of long standing the retina is finally transformed into a thin, atrophic, 
fibrillary membrane. It is worthy of note that the layer of fibres and the layer 
of ganglion cells are the first to suflFer, while the outer layers may be preserved; 
for a long time. According to the researches of Schreiher^ quite a brief pres- 
sure suffices to give rise to a formation of vacuoles in th^ ganglion cells, and to . 
an ascending atrophy in the layer of nerve fibres. 

We look upon the halo glaucomatosus as a simple atrophy of the chorioid in 
the vicinity of the papilla. Cellular infiltrations, signs of a chronic inflamma- 
tion, are frequently to be found in this membrane. The conditions indicate the 
presence of a vascular hyperaemia with exudation in the beginning of an inflam- 
matory glaucoma, which terminates in atrophy. 

The ciliary processes are surcharged and swollen at first; later they become 
atrophic and are frequently elongated. When a great extent of the iris is ad- 
herent to the cornea at the sinus of the anterior chamber we find a large inter- 
space between the apices of the ciliary processes and the iris, and then we can 
no longer say whether the swollen ciliary processes pushed' the root of the iris 
forward or not at the commencement of the disease. 

In old glaucomas we often find a new formation of vessels between the^ 
epithelium of the cornea and Bowman's menoLbrane. (pannus glaucomatosus).. 
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The oedema predominates in acute glaucoma and inflammatory infiltrates 
in older eases. We also meet with keratitis bullosa, in the production of i 
trophic disturbances of the ner^'es and transudations from the marginal net 
take part. 

Pr'iettley Smith called attention to an unusual size of the lens in glaui 
tous eyes, which narrows the circumlental space, a factor to which we sha 
turn in the study of the origin of glaucoma. On the other hand, a markc 
crease of the tens itself has not been confirmed, although the contraction a 
perilenticular space has generally been recognized. 

The sclera has likewise been studied with varying results. Czermak 
Bimbacker found a lack of nuclei and atrophic changes in the inner lajera c 
sclera, but we know that under physiological conditions this membrane be( 
more rigid with age and loses its elasticity. The changes in the vitreous a 
my opinion, most important with reference to the alterations in the chan, 
fluid, but they are not sufficiently susceptible of a single interpretation. 

So much i!oncerning the pathology of glaucoma. We can trace the t 
tial clinical symptoms to the increase of tension, but the origin of the latter 
not be explained by the pathology, for the initial stages have not yet 
sufliciently investigated, and we do not know which of the generally 
marked lesions were primary and which were secondary, which was the caus< 
which the result of the increased tension. Even if we were better acqua 
with that anatomical basis of the initial symptoms, who could tell what at 
the trouble from the study of the anatomical preparations? Many inter|; 
tions have been given to the anatomical conditions. Very many inveatig 
have toiled over this subject, an extremely large number of eyes have 
examined microscopically, important facts have been learned, but patholog 
not explained the nature of glaucoma. The solution of this problem w 
think, scarcely be attained in this way, for the disturbances of eel) life o 
one hand, and the relations of the eye to the entire organism necessary fc 
intraocular change of fluid on the other, permit little if anything to be gat 
from the microscopical picture. We must therefore try to obtain help tmt 
physiology of the chunge of fluid in the eye, if we will get at least a little n 
to understanding the clinical picture of glaucoma. 

Although the pathology of glaucoma is unable to teach us the origin o 
-disease, yet gain is derived from it in regard to treatment. Of tbe 
cardinal symptoms in the glaucomatous eye, the changes in the blood vessel 
excavation of the optic nerve and the alterations in the filtration angle, the 
nione is amenable to treatment. We instill meiotics, in order to contra< 
dilated pupil and to draw the iris away from the filtration angle, or we en 
operations to reopen the occluded outlet at the angle of the anterior cha 
which may be witnessed in the operating room. 

120. Glaucoma Simplex and the Conservative Treatment i 
Glaucoma 

The disease of the eye exemplified in this patient is diagnosed in almo 
cases by the recognition of a glaucomatous excavation of the optic nerve 
the ophthalmoscope. We know that primary glaucoma appears in three d 
ent forms, as acute inflammatory, chronic inflammatory and simple. 
patient complains only of a gradual loss of vision and — this is worthy of m 
of no other special trouble. 
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Both eyes are pale, the anterior ciliary vessels are not particularly tortuous 
on the sclera, the cornea is perfectly transparent and normally sensitive, no 
shallowness of the perfectly normal anterior chamber can be detected, the pupil 
is not in the least dilated, it reacts promptly and there is no gray green reflex 
to be seen in it. In a word, everytiiing in the anterior segment of the eyeball 
is entirely different from what is met with in both of the other forms of primary 
glaucoma. How is it possible that this can be glaucoma? Two principal symp- 
toms of that disease are certainly present, the gradual loss of vision and the 
excavation of the papilla, but where is the increase of tension? 

It is a most important fact in glaucoma simplex that even under prolonged 
observation a pathological increase of the intraocular tension frequently cannot 
be demonstrated. None can be felt in this case. How was the glaucomatous 
cup formed in the optic nerve, which we still consider to be a pressure excava- 
tion? Three pathological facts furnish an explanation. 

1. There are cases of glaucoma simplex in which a pathological increase of 
tension appears early in the course and then ceases. 

2. Careful clinical observation has proved that temporary increases of ten- 
sion occur at times in the course of the disease. The case is then one of glau- 
coma simplex with intermittent fluctuation of tension. Such patients may com- 
plain of prodromal symptoms, periodic obscurations with or without seeing the 
colors of a rainbow. If the tension is tested regularly every two or three hours 
with a tonometer these fluctuations of tension may often be brought out quite 
distinctly. The tension fluctuates between the upper limit of normal to -f- 1 • 

Such fluctuations of tension in glaucoma simplex may sometimes be ascribed 
to exciting factors, such as psychic excitement, disturbed sleep, menstruation, 
or congestions at the time of the climacteric. These increases of tension are 
often most marked just before going to sleep and on awaking in the morning. 
Such temporary, frequently repeated increases of tension are able to produce 
gradually an excavation of the papilla. 

3. Even when no pathological increase of tension can be detected by pro- 
longed observation the development of the excavation is not inexplicable. I 
have already pointed out that the intraocular tension fluctuates considerably 
under physiological conditions. When we are dealing with an eye suffering 
from glaucoma simplex we do not know how high, or more correctly perhaps, 
how low its tension was in youth. If its tension has increased with age only 
so far that it does not exceed the highest limit of physiological tension, it may 
still have been a considerable increase, sufficient to produce very gradually a 
pressure excavation. 

The course of glaucoma simplex is such that the vision sinks quite gradually 
to blindness. Both eyes are attacked, as a rule, though it may be at different 
times. Permanent confinement of the disease to one eye is very rare, but oc- 
casionally happens, a respect in which this contrasts with the inflammatory forms 
of glaucoma. Cases are also met with in which considerable increases of tension 
occur from time to time, with all the signs of an attack of acute glaucoma 
(ciliary injection, shallowness of the anterior chamber, cloudiness of the cornea, 
and pain). These are said to be cases of glaucoma simplex with intermittent 
inflammations. They may pass over permanently into the condition of chronic 
inflammatory glaucoma, but in the great majority the excavation of the optic 
ner\'e is the only symptom from which this disease can be recognized. The glau- 
comatous excavation can be studied best in such eyes, because the refractive 
media are clear. 

The cardinal symptoms in a marked case of glaucomatous excavation are 
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as folkfws: The papilla is pale, bluish, or greenish white and there is a ' 
rap of the head of the optic nerve that extends up to its margin. The j 
dots that mark the lamina cribrosa maj be seen at its bottom. The vessel 
not come from their usual place, the middle of the papiOa, but from its i 
margin, and ther bend sharply at the place where they pass over its edge tc 
retina. It can be recognized l>est from the vessels that the lamina cribrosa 
been driven' backward, and that a deep cup has been formed. The cours 
the vessels over the entire papilla can be seen only in the inverted image. 
the upn'ght image, if the eye is focussed on the margin of the excavation, 
tions of the vessels have indistinct outlines, because they lie farther back 
another level, and are out of focus. The papilla is surrounded by a yello 
border, the halo glaucomatosus. We will reserve the more accurate study of 
excavation and its differential diagnosis, which is not always easy, for the co 
in ophthalmoscopv, to which we will have our patient return. 

The following points may be noted in regard to the reduction of the cer 
vision and the contraction of the visual field in glaucoma. 

Tbe contraction of the visual field starts from the periphery on the n 
side and usually above. I have already called attention to the fact that the o 
portions of the retina are the first to become functionally incapacitated. 
vesseb with the nerve fibres running over them are usually pressed o^'er to 
nasal side, so the nerve fibres that run in a temporal direction are genei 
dragged upon. Jloreover, this layer of nerve fibres which passes over the I 
poral half of the optic nerve is thinner and more easily compressed, and 
blood supply to the temporal side of the retina is not as good as that to 
other side. These conditions explain why the contraction of the visual 
begins in the nasal portion in 50 or 60% of the cases. Paracentral scoton 
are occasionally met with, especially near the blind spot. 

Another point characteristic of glaucoma is that a narrow sector of 
visual field, extending outward from the point of fixation, may be preserved 
a long time. 

The long persistence of the color sense is striking, even whoi the fiel 
very contract^; even the ordinary arrangement of the color sensation, g 
within, then red and then blue, is preser\-ed in the small field of vision. 

We come now to the most important question, the treatment. What car 
do for our patient? We hare at our disposal a conseo'ative and an opern 
treatment, sometimes a combination of both, for primary glaucoma. I have 
tentionally associated this consideration of the treatment of primary glauc 
with this case of glaucoma simplex. To operate, or not to operate, that is 
question. 

Sometimes it is very difficult to decide how to treat an individual casi 
primary glaucoma. It mi^t perhaps be expected that ophthalmology shi 
long ago have determined whether this form of glaucoma should be operate! 
and that form treated conservatively, but until 1856 this was considered an 
curable disease. Then came Albrecht v. Graefe with hiu discovery that the in 
ocular tension in glaucoma is reduced by an iridectomy. It was right that 
blessed discovery should be greeted enthusiastically by all, for it has enal 
thousands of men to preserve for years their gravely threatened vision, 
there was an excusable error in the enthusiasm which led the students 
admirers of v, Graefe to proclaim iridoctoniy as the remedy for glauco 
Iridectomy does not affect the nature of this disease, it only removes a link f 
the chain of glauconrntous symptoms by the elimination of a mechanical fac 
This is a necessary corollary to the following clinical fact: in the majority 
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cases of glaucoma in which a permanent reduction of the intraocular tension has 
been effected by this operation, the diminution of the visual field and the loss of 
vision continues and cannot be stopped. Other things that appertain to the 
nature of the morbid process, such as affections of the optic nerve, run their 
courses in glaucomatous eyes independently of the hypertony. The longer the 
patients operated on can be kept under observation, the smaller becomes the 
number that can be called permanently cured. All soberly thinking ophthal- 
mologists share this conviction. I will quote, for example, the opinion of 
Logetschnikoff which he formed from his abundant experience for years in about 
eight hundred iridectomies and two hundred and eighty-four sclerotomies. "In 
consequence of my observation for many years of a large number of patients on 
whom I had performed one or the other of these operations, I have become con- 
vinced that the operation delays the glaucomatous process for a longer or shorter 
time, but does not cure it. Exceptions are extremely rare and are met with only 
in two classes of cases: the rare cases of acute glaucoma which are operated on 
early, and the so called prodromal glaucoma, in both of which no excavation of 
the optic nerve, and in general no permanent glaucomatous changes are present, 
when the process tends to be brought to a standstill either spontaneously, or 
under treatment with eserin. These extremely rare cases of cure stand in con- 
trast to others in which the operation does decided harm and the vision sinks 
rapidly to blindness after it has been performed.** Such a recognition of the 
limits of our operative skill does not detract from the great credit due A. 
V. Graefe^ but places the former simply in the light of truth. It does not lessen 
the great importance of the operative treatment of glaucoma, for if we are able 
only to save the vision for years, to hinder the development of this frightful 
disease, to delay the onset of blindness by our operations, the therapeutic accom- 
plishment is one of which ophthalmology may well be proud. It can be readily 
understood that the present generation of ophthalmologists, who do not regard 
the accomplishments of v. Graefe through a dense cloud of incense, no longer 
have immediate and indiscriminate recourse to the knife, as in the days when 
everything was hoped for from the operation for glaucoma. The fact is that 
both the physician and the ophthalmologist turn, and should turn, first to the 
medicinal treatment in every case. Whether the case is one of prodromal symp- 
toms, of a serious acute attack, of the chronic inflammatory form, or of glaucoma 
simplex, we always try meiotics first. 

Two remedies are employed: physostigmin or eserin, in a 0.5 to 1% solution, 
and pilocarpin, in a 1 to 2% solution. Both drugs have won a conspicuous 
place in the fight against glaucoma. The value of meiotics in the treatment of 
this disease was pointed out by Laqueur and Ad. Weber in 1876. 

Numerous experiments concerning the action of meiotics upon the normal eye 
have shown that a slight increase of the intraocular tension is reduced by them. 
This effect is ascribed to a contraction of the intraocular vessels and to a diminu- 
tion of the secretion of the intraocular fluid. Such an effect is exactly what is 
desired in glaucoma. The reduction of tension in this disease by eserin was first 
established by Laqueur. Eserin and pilocarpin diminish the size of the pupil 
through a spasmodic contraction of the sphincter, draw the periphery of the 
iris away from the sinus of the anterior chamber, and so reopen this channel for 
the outflow of the aqueous. This factor plays a large part in the treatment 
of glaucoma with meiotics. 

The best way to learn the effect of these remedies is on one's self; a way 
which is also excellent in that it enables us to appreciate the annoyances associa- 
ted with their action, and to sympathize with patients when they complain. 
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A few minutes after the instillation of a drop of eserin into an eye slight 8] 
are felt, which continually grow stronger and are excited by the coi 
tions of the ciliary muscle. The eye naturally becomes temporarily nearsij 
sometimes a severe pain is felt whenever an attempt is made to look at a 
object, and the onset of meiosis is soon demonstrated. These meiotics ow 
favor shown them to the ease with which they may be used and the imnrii 
effect, which can easily be demonstrated on the normal eye as well as in 
forms of glaucoma, but ophthalmologists are not agreed in the estimati< 
their value. 

Some maintain not only that meiotics arrest the glaucoma and can be 
as adjuvants to the operative treatment, but that they as such should sup 
the operations, because they are actual remedies for the disease. Among 
are Pflueger^ Cohn^ Schleichy Koenigshoefer and Bjerru/m. This vie^i 
logically led some ophthalmologists to regard an operation as a last resort. 

Others hold a view diametricaUy opposite, that time is often wasted 
meiotics and that vain hopes of a cure without an operation are held o^ 
patients. Among these are Schweigger and Groenoww. Schoute took 
trouble to tabulate the views of ophthalmologists concerning the treatmei 
glaucoma, and we obtain from his table a sad picture of the distractic 
opinion concerning this important question. When opinions are so divided 
can the physician decide how far he may go with the medicinal treatmei 
glaucoma, and when he should advise operative intervention? This que 
interests the ophthalmologist as well, for he cannot form an opinion fron 
experiences accumulated in a rambling way, which are perhaps hazy fron 
lapse of years, but must wish that the clinical observations accumulated 
decades by our predecessors enabled him to take a firm ground in regard to 
matter, on which he could act without harm to his patients. Un fortunately 
material furnished in our literature is not calculated to facilitate such a searcl 
a firm foundation. This is due in great part to the difficulty and complc 
of the entire problem of the treatment of glaucoma. If our predecessors 
thought more of the future, and at the same time had considered that a 
judgment concerning the treatment of this disease would not be possible 
decades, if they had rather facilitated the work of criticism of later generati 
we would be better conversant than we are with the true value of treatment, 
must be possible, in our civilized country, that we should be better informed i 
we are concerning the fate of eyes that have been treated for glaucoma. 
1856 V. Graefe discovered the effect of iridectomy; during more than ha 
century the operation has been employed in many thousands of cases. S 
1876 meiotics have been used in numberless cases for the conservative treatr 
of glaucoma. What has become of all the eyes? Where are the statistics 
may show the final results? The number of cases in which the results of ti 
mcnt have been observed for one or more years is insignificant in compar 
with the enormous number of glaucomas that occur, and the number that 1 
been watched for a decade or longer are rarities in comparison with the 1 
number. This is partly because glaucoma is usually met with in the advai 
years of life and the patients die, but the majority of patients who have 1 
treated evidently leave their first physician after a* time, it may be after yc 
because the result of his treatment has not been satisfactory. This is a i 
sign that the improvement lasts only for a time, in the majority of cases, 
that then a contraction of the visual field and a loss of vision supervenes, 
statistics are calculated from the point of view that many years of obse'rva 
are necessary to the passage of judgment. We must lay hold of these. 
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when, by their aid, we compare the results of the operative treatment with those 
of the conservative we unquestionably obtain the following knowledge. 

Neither the operative, nor the conservative treatment can cure glaucoma, in 
the true sense of the word. The problem of its cure is by no me" ;s solved. In 
our efforts to combat the disease we cannot adhere to either method, but must use 
both. Conservative treatment should be tried first in every case of primary 
glaucoma, but, before entering upon this, we will consider the results of the 
operative treatment as presented in the table compiled by Schmidt-Rimpler. It 
must be remembered, however, that the actual, permanent, curative results are 
considerably less than is shown by the tabic. Not only is the permanent benefit 
from the operative treatment limited, but experience has proved that in one 
class of cases a deterioration of vision is directly caused by the operation. We 
will learn these disadvantages and complications at another time. All these 
conditions impose on us the serious duty of considering maturely whether we 
must operate, to seek urgent indications for the operation, and always to deter- 
mine first whether we cannot succeed without it. 
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Results of the Operative Treatment of Glaucoma 

On the other hand consideration of the results obtained by the conservative 
treatment of glaucoma shows that this also has certain limits. A number of 
cases have been reported in which prodromal attacks were controlled for more 
than a decade, and in which the course of glaucoma simplex was delayed for ten 
or more years, but it has not been proved that the conservative treatment is the 
only remedy in a single form of glaucoma. Schleich observed an advance in 61% 
of his cases of glaucoma simplex, an arrest in 89%. Other statistics tell the 
same story. There can therefore be no doubt that we cannot adopt one method 
of treatment. The question always remains to be answered, in the use of mei- 
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otica, whether we are not missing the correct indication for an operation. AH 
these discords are convincing that the choice of the fomi of treatment appro- 
priate for the given case is a most important and responsible duty. A universal 
prescription cannot be given, because the forms of glaucoma differ too greatlv, 
and because both mild and malignant cases of the same form are met with. We 
can only try to lay down certain principles for guidance. The peculiar nature 
of each individual case must be taken into account, for if there is a disease in 
which individualization is imperative, that disease is glaucoma. 

The general practitioner has the easier time, as he uses only the conservative 
treatment. If a patient comes to him with an attack of acute glaucoma he 
should immediately instill some drops of a solution of pilocarpin or cserin (17() 
and send him to some specialist. He should do the same with a patient who hns 
the prodromal symptoms, as well as when the diagnosis of chronic infiammatorv 
glaucoma has been made, or is suspected. In glaucoma simplex the general 
practitioner awaits instructions from the clinic, or the specialist, in regard to the 
management of the case. Tlic general practitioner tlirows the responsibility of 
the treatment of a case of glaucoma upon the specialist, yet he has important 
duties to perform in the constitutional treatment, when the patient has been n>- 
ferred back to him, I stated, on a former occasion, that many lesions outside of 
the eye had been held responsible for the development of glaucoma, and the final 
cause is doubtless situated in the general organism. Persons with a gouty 
diathesis and nervous individuals are predisposed to this disease. An attack 
may be brought on, or the disease made worse, by nervous excitements, or such 
troubles as circulatory disturbances during the climacteric. It is therefore the 
duty of the general practitioner, as it is our custom, to investigate the entire 
organism of a patient predisposed to, or suffering from, glaucoma, and to regu- 
late his entire mode of life. When possible, an entire syllabus should be worked 
out for such people, in which naturally the social conditions must be taken into 
account. I can mention only a few fundamentals: Regulation of the diet, 
with special care for easy and regular movements of the bowels: control of the 
metabolism so far as possible ; constitutional treatment according to the general 
condition ; when there is a predisposition to gout, alkaline mineral waters, springs 
containing lithium; when there is arteriosclerosis, preparations of iodine; when 
there are nenous indications, quinine, bromine and tincture of valerian ; avoid- 
ance of congestion of the head; restriction of alcohol and tobacco; no straining 
in a stooping posture, no hot baths, preferably warm foot baths. 

It may be asked whether there is not a general treatment which is able 
to obviate the disturbances in the change of fluids in the eye from within the 
organism. Many attempts have been made to discover such a treatment, but 
thus far they have been fruitless. For example, a rise in the blood pressure has 
occasionally been striven for [ZimTiiermann), although we used to fear the 
rise of blood pressure in glaucoma. Others, like Cantonnet, and Laperxonw, 
have tried to secure an increased excretion of lymph from the eye by large doses 
of common salt, when the renal functions were good, or, when these functions were 
bad, by salHess food, lactose, rice and purgatives. In addition to the regulation 
of the general organism such patients are thus prescribed a certain eye diet. 

All unnecessary irritation of the eyes is to be avoided, because the optic 
ner\e and retina are endangered. To work, or even to remain, in our modern 
intense illumination is harmful. The chemically acting ultraviolet rays have 
ibeen demonstrated to be particularly injurious to the retina, so we order suitable 
protecting glasses for our patients. For this purpose we have at our disposal 
various kinds of glasses which arrest these rays, the best of which are the 
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HaUauer glasses, and the euphos glasses of Schanz and Stockhausen^ but the 
old blue and gray glasses are also useful. 

Above ally patients with glaucoma should be advised not to overstrain their 
eyes with near work. On the other hand, it is not advisable to prohibit all read- 
ing and writing, which should be rendered as easy as possible with proper 
glasses. 

It has been repeatedly observed that the prodromal attack is overcome best 
through the accommodation, by the reading of fine print. A contraction of the 
pupil accompanies accommodation and this opens wider the sinus of the anterior 
chamber. It has also been supposed by Kuesel that the contraction of the ciliary 
muscle influences favorably the filtration of the aqueous, by the fibres that extend 
to the ligamentum pectinatum. 

Massage of the eye in various ways has been recommended ; pressure massage 
with the hand, vibratory massage with certain instruments, pneumatic massage 
with an airpump, but I consider all these measures to be very hazardous when 
applied to a glaucomatous eye, and cannot recommend them. I think just as 
little of galvanization of the sympathetic, the negative electrode placed on the 
nape of the neck, the positive on the anterior margin of the sternocleidomastoid, 
which is occasionally recommended. 

Anodynes are frequently needed in absolute glaucoma and during the attacks 
of pain ; in such cases we may instill cocain and pilocarpin combined, scopolamin 
and dionin. Grood sleep at night is to be secured by regular, though not excessive, 
pleasure walks and, when necessary, by means of one of the numerous modern 
hypnotics. 

In the therapeusis of individual cases of glaucoma I try to manage so as to 
avoid an operation if possible. I treat a commencing glaucoma in the prodro- 
mal stage with obscurations and rainbow colors, with eserin or pilocarpin, daily 
instillations morning and evening, under all circumstances. Three things are 
then possible: 1, a pronounced glaucoma does not develop, in which case an 
operation would have been unnecessary ; we know that the operation is not devoid 
of danger, but is directly injurious in some cases; 2, the prodromal attacks be- 
come rather less frequent and a chronic inflammatory glaucoma develops with 
its indications; S, the number or intensity of the prodromal attacks increases, 
showing that the meiotic is unable to regulate the tension. Then an operation 
is necessary. 

In an attack of acute glaucoma we likewise prescribe eserin at first, but we 
do not wait long, for days as has been recommended, but decide upon our course 
from the following indications : If, according to the history, this is a first attack, 
and it is therefore to be expected that no excavation has been formed as yet in 
the optic nerve, we perform an iridectomy, for the fact has been established that 
in the first attack of acute inflammatory glaucoma iridectomy produces the best 
and most permanent result. Sometimes its performance is very difficult, because 
the anterior chamber is so shallow, but numerous observations have shown that 
the excision of a portion of the iris to its periphery is not so absolutely necessary 
in acute as in chronic inflammatory glaucoma. It is to be understood that the 
operator will make every effort to extend the iridectomy as far as possible toward 
the periphery, but in this case an incomplete excision causes a retrogression of 
the increased tension. An iridectomy must also be performed immediately in the 
rare cases of fulminating glaucoma, in which perception of light seems to be 
gone from the start. No time must be lost in such cases, for it is only in a few 
that any vision can be saved. 

If the attack of acute glaucoma is not the first, if it is probable that the 
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optic nerve has suffered already and that the visual field is contracted, we adopt 
the same measures of treatment as in chronic inflammatory glaucoma, in which it 
is generally acknowledged that the results of operative intervention are by no 
means so good as in the acute form. We may suppose that in the latter the 
retina and optic nerve recover readily after the tension has been reduced. In 
chronic inflammatory glaucoma, on the contrary, we have three things to fear. 

One is that the operation may be directly injurious, and everyone will sub- 
scribe to the position taken by Schmidt-Rimpler in the latest work on glaucoma. 
^^It may be understood that a careful physician, especially when he is dealing 
with the sole remaining eye, which still retains a comparatively good vision, 
weighs very carefully the question whether he shall have recourse to an opera- 
tion." 

A second is that the atrophy of the optie nerve will advance and the vision 
be lost, as happens in many cases of chronic inflammatory glaucoma after the 
removal of the increased tension by the operation. The patient is quite apt to 
consider the operation responsible for this. 

In the third place it must be remembered that the final result in chronic in- 
flammatory glaucoma is not as good as in the acute form. Therefore I do not 
approve of the stand taken by many other ophthalmologists, that we should 
operate as early as possible on patients with glaucoma inflammatorium chroni- 
cum, I believe on the contrary that we should first try to save what vision they 
have by means of meiotics. Nevertheless we should not delay the operation until 
nothing can be hoped for from its performance. We test the vision and visual 
field of such patients regularly and estimate the tension tonometrically. When, 
in spite of all conservative treatment, it is evident that the vision is failing, that 
the tension is not to be permanently regulated, and especially when the patient 
is convinced that no more progress is to be made in this manner, we proceed to 
operate, on one eye at first. 

The iridectomy must be performed with the greatest possible exactitude in 
chronic inflammatory glaucoma. If the anterior chamber is very .shallow and 
the iris is very atrophic and narrow, I perform a cyclodialysis as an adjuvant 
and preliminary operation and then, after a few days, when the conditions in the 
anterior chamber are more favorable, but the regulation of the tension is not yet 
satisfactory, I perform the iridectomy. 

The results of operative treatment are so bad in glaucoma simplex that con- 
servative treatment is to be preferred imder all circumstances. The condition 
of the intraocular tension is tested regularly for several days; tonometry is 
particularly valuable for this purpose. An operation is justified only in cases 
with pronounced hypcrtony, for it has been proved that, in this form, a malig- 
nant course may be inaugurated more readily by an iridectomy than by any 
other procedure. When some operation must be performed sclerotomy or cyclo- 
dialysis should be chosen. 

121. Glaucoma Absolutum and the Differential Diagnosis of 

Glaucoma 

This patient presents in each eye an absolutely typical and peculiar clinical 
picture. The most striking characteristic is the bluish white color of the sclera, 
resembling porcelain, upon which arc numerous, extremely thick, bluish red 
vessels, the greatly distended ciliary veins and their branches. The entire cornea 
is surrounded by such a wreath of vessels, the caput Medusae. 

There is no very sharp differentiation between the cornea and the sclera, the 
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groove between them is abolished, and the entire limbus has a peculiar bluish 
color. The cornea itself looks opaque, though the opacity differs in various 
places. In part the cornea looks glassy, little irregularities can be seen in its 
surface and its sensitiveness is lost. The anterior chamber is completely abol- 
ished, the pupil is dilated ad maximam, the iris is quite narrow and seems to be 
pressed against the posterior surface of the cornea. It can be perceived that the 
iris is atrophic from its gray appearance ; often it contains small, isolated spots. 
The eyeball is as hard as a stone and totally amaurotic. These symptoms give 
us the diagnosis : glaucoma absolutum. 

We understand by absolute glaucoma that stage of the disease in which the 
vision is totally lost. When the refractive media still remain fairly transparent 
we obtain from the dilated pupil the characteristic gray green reflex of the 
senile lens, and we may see with the ophthalmoscope the glaucomatous atrophy 
of the optic nerve with its excavated papilla. The blood vessels are very small. 
Retinal hemorrhages and pigment changes in the fundus may also be observed. 

The refractive media are no longer clear in this patient and we will examine 
rather more closely the opacity of the cornea. We designate the corneal changes 
met with in absolute glaucoma as glaucomatous degeneration. This appears in 
various forms. 

In this case the cornea is stippled, partially deprived of epithelium and an 
opacity has developed, as usual in the lower segment, into which superficial ves- 
sels from the conjunctiva proliferate. It is thought that the lower part of the 
cornea, which moves upward when the eye is closed, is particularly apt to be in- 
jured during sleep. 

In other cases the epithelium becomes detached in the form of bulls, which 
burst and leave irregular tags hanging from the surface of the cornea (keratitis 
bullosa). Ulceration occurs readily in such an insensitive cornea. Peculiar 
ribbonlike, whitish and yellowish opacities are also formed in the region of the 
palpebral fissure. 

The origin of these glaucomatous degenerations will seem comprehensible at 
once when it is borne in mind that such a cornea must be less capable than it 
should be of resistance to external and internal injuries, in consequence of the 
disturbance in its lymph circulation and nutrition, as well as of its insensitive- 

ness. 

The opacities of the lens are of particular interest for various reasons. In 
this patient the lens is totally opaque, so that no vision into the eye is possible. 
All of these changes in absolute glaucoma indicate that the production of blind- 
ness is not the final act in this tragedy. Such patients have many subjective 
troubles and objective lesions. 

Such an eye often reddens and lacrymates without any obvious cause, while 
attacks of severe drawing pains still continue to occur in the brow and head. 
This painful stage of absolute glaucoma passes away and the patient is freed, 
for a while at least, of these grievous pains. In addition to these attacks of 
pain, or even without them, peculiar clouds of light appear to some patients 
with glaucoma in this stage, which naturally give rise in many^ cases to the 
vain hope of a return of the lost vision. Sometimes this sensation that it is 
brighter in front of the eye appears at certain hours. Rydel conjectures that 
the varying sensations of light and dark are dependent on the fluctuations of the 
intraocular tension. His idea is that if the circulation in the retinal arteries, 
should be completely arrested by the increased tension the sensation of darkness 
would be caused, and then, when the tension relaxed, the influx of blood would: 
again stimulate the retina. 
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The eyeball may either atrophy, or become enlarged. Phthisis may come on 
quite gradually ; the vitreous contracts, the retina becomes detached, the cornea 
diminishes in size, the shrunken lens with the iris lies closely against it, the eye has 
become soft. Phthisis may also follow the perforation of a corneal ulcer, when 
serious intraocular hemorrhages may take place, some of which have been 
reported to even endanger life. 

When the eyeball becomes enlarged we usually find staphylomata between the 
cornea and the equator. The sclera grows thinner and thinner and the bluish 
looking uvea shines through. In addition to these partial ectasias the eyeball 
may be enlarged in all of its diameters. Recurrent hemorrhages and attacks 
of pain are quite apt to be present in such eyes. The final result of glaucoma 
is extremely sad and, under such circumstances, enucleation is a blessing. 

A knowledge of the differential diagnosis of glaucoma is of the greatest im- 
portance to the general practitioner, because a timely, correct diagnosis may 
save many an eye, while an incorrect one, or one made too late, may spoil every- 
thing. The general practitioner must work hand in hand with the ophthal- 
mologist in glaucoma. As he cannot assume the responsibility of carrying out the 
treatment of the disease by himself, because of the seriousness of the situation, he 
needs to be conversant with only two things: 1, he must not confound glaucoma 
with other diseases ; S, he must know how far he can go in the conservative treat- 
ment, and when to advise an operation. Positively it is not right to believe that 
the simplest way to deal with these questions is to send all eye cases to the 
specialist, for he cannot always keep such patients under his own observation and 
he needs aid in watching cases of chronic glaucoma. 

We will deal first with the proposition that the physician should not con- 
found glaucoma with other diseases. The two diseases with which glaucoma 
is constantly being confounded are 

Senile Cataract and Iritis 

This patient has been put off for months with the diagnosis of a senile 
cataract, not yet ripe for operation. Now he is incurably blind. To err is cer- 
tainly human, but it must not be forgotten what it signifies when the father of 
a family, who should still be able to maintain them, is rendered blind by an in- 
correct, or a delayed diagnosis, and becomes a burden on his relatives. The 
confusion with senile cataract happened because the methods of examination at 
our disposal for the diagnosis of senile cataract were not used. Patients with 
ghiucoma are elderly, as a rule. When the pupil is dilated in consequence of the 
glaucoma its area appears by ordinary daylight to be gray, because of the 
stronger reflex from the lens, but it has been known for a long time that this 
is no evidence of cataract. 

Look at this elderly patient with perfectly normal eyes, whose pupils have 
been dilnteil. The gray reflex from the pupil can be seen, but, if the slight 
trouble is taken to investigate the eye with a magnifying glass, no real cat- 
aractous opacities can be found* and if the ophthalmoscope is used the lens is 
seen to bo jH?rfectly transparent. Cataractous opacities stand out in dark relief 
against the nxl background of the pupil. Whoever has impressed upon him the 
fact that he must use these two methods of examination before he makes a diag- 
niv^is of senile cataract will not mislead his patient by a wrong diagnosis from 
the mere apjH>arani*e of a gray pupil. 

There are other diagnostic relations between senile cataract and glaucoma 
which fretjuently demand a more careful examination. Very often both develop 



DIFFERENTIAL DIAGNOSIS OF GLAUCOjVIA 495 

independently in an eye. As both diseases appear in the later years of life it is 
-comprehensible that glaucoma may develop in an eye containing an incipient 
cataract, and, inversely, that cataract may appear in an eye affected with chronic 
glaucoma. • The latter condition is called cataracta in oculo glaucomatosa. 

Cataract may also be a direct consequence of the glaucoma ; it is then called 
cataracta glaucomatosa. The eye suffering from glaucoma undergoes an in- 
creasing degeneration, the change of fluid is considerably disturbed, and the 
nutrition of the lens must suffer thereby. Thus it happens that we meet with 
opacities of the lens in eyes blinded by glaucoma. It shows itself usually by a 
marked swelling, a bluish white color, and a silky lustre. Extraction from such 
blind eyes is not only useless, but usually hazardous on account of the danger 
of hemorrhage. 

Just as the lens may become opaque as the result of the glaucoma, so a 
commencing senile cataract, especially when the development and swelling is 
rapid, may, inversely, be the cause of a glaucomatous increase of tension with 
all its characteristic symptoms. We must act quite differently in such a case. 
We must test accurately the vision and projection, compare them with the objec- 
tive condition in the lens and, when possible, in the optic nerve, and then perform 
iridectomy and extraction as quickly as possible. 

The second disease for which glaucoma is frequently mistaken is iritis. When 
the first glance at an eye gives the impression that a severe inflammation is 
present, my advice is that in the examination of elderly persons we should not 
■act on the preconceived idea that a certain inflammation must be present when 
we see a ciliary and a conjunctival injection, for this is the reason glaucoma is 
so often mistaken for iritis. If the facts are firmly fixed in the mind that the 
pupil is contracted in iritis and dilated in glaucoma the danger of mistaking 
these diseases for each other will be avoided. This danger is a very serious one, 
for cases of chronic glaucoma have been mistaken for iritis and unhappily 
treated with atropin. Every dilatation of the pupil in glaucoma occludes the 
sinus of the anterior chamber still more and makes matters worse. We do not 
•dare to instill atropin in healthy old eyes, because an attack of glaucoma may 
thereby be excited. In iritis we also find obscuration of the details of the iris 
and the formation of exudates. In inflammatory glaucoma we meet with shal- 
lowness of the anterior chamber and cloudiness of the cornea. 

The differentiation from glaucoma is more difficult than this in only one 
form of iritis, iritis serosa, for this disease runs its course with considerable 
fluctuations of the intraocular tension and sometimes the tension is high. Occa- 
sionally the pupil shows no tendency to contract, as in other forms of iritis, but 
jnay rather be of medium size without atropin. In these cases we must pay spe- 
cial attention to the condition of the anterior chamber ; in glaucoma it is shallow, 
ill serous iritis it is deep. The presence of deposits on DescemeVs membrane and 
the history will enable a positive diagnosis to be made. An onset of iritis in 
gout sometimes simulates an attack of glaucoma. I do not propose that my 
students shall make such an error as to mistake glaucoma for iritis, and such an 
error will not be made if students will remember that they are studying, not to 
pass an examination, but for their life work, if they will not simply glance 
transiently at the patients I present, but study them. 

Although glaucoma is not readily mistaken for cataract or iritis by the 
expert, yet, on the other hand, it is not always easy for the ophthalmologist him- 
self to recognize glaucoma as such at the first glance. It is not easy to recognize 
a commencing glaucoma with intermittent fluctuations of tension, when the 
patient presents himself in the interval between attacks in the beginning of the 
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disease. When we find the tension not increased, no excavation formed, the visio 
still norma], or reduced so slightly that the loss may be explained by the ag 
alone, there is nothing to be done except to induce the patient to return when h 
has another attack. A suspicious tendency of the pupil to dilate frequently pei 
mits a probable diagnosis to be made. 

Acute glaucoma is so characteristic that it can scarcely be mistake: 
for anything else, but it must be borne in mind that rare cases are met with ii 
which the pupils are not so widely dilated. 

The question whether a tumor may not be present should always be raised 
If the refractive media are transparent the detachment of the retina caused b; 
the tumor can be found as soon as it causes an increase of tension. Very rar 
cases have been described in which an increase of tension has accompanied t 
simple detachment of the retina, but, as a rule, the intraocular tension i 
diminished in such cases. If the refractive media are so opaque that an oph 
thalmoscopic examination cannot be made we have two supporting factors b 
consider. First, we must obtain an accurate history. If the acute condition o 
glaucoma has come on suddenly and the visual field is not contracted, the presenc 
of a tumor is excluded ; but if the statements of the patient indicate that a dark 
ening of a portion of the visual field was present before the onset of the glaucomi 
there are several things that may be present: partial embolism of the centra 
artery, intraocular hemorrhage, and detachment of the retina, with or without i 
tumor. If the lens is opaque, no explanation of the fundamental disease can b 
obtained by an iridectomy. In all such cases we must transilluminate the scler 
with Sachs' lamp, in the manner demonstrated in the case of sarcoma of th 
chorioid. 

The diagnosis of chronic inflammatory glaucoma may be difficult only whei 
the presence of a ripe cataract renders an ophthalmoscopic examination impoc 
sible. Then we take note of the great distention of the anterior ciliary veins, th 
dilated pupils, the shallow anterior chamber and the increased tension. The tes 
of the light perception and of the visual field is decisive. When we test with 
light in a case of uncomplicated cataract the visual field is found to be uninr 
paired ; it is only when such a cataract has existed many years, and then rarel] 
that the projection to the inner side may be not quite unimpaired, but th 
ophthalmologist hardly needs to take this exception into account in the diffei 
ential diagnosis, because the external evidences are so characteristic that 
chronic inflammatory glaucoma can be recognized. Amaurosis is also preseni 
as a rule, when a glaucomatous cataract has lasted long, and it scarcely need 
to be said that the light from the smallest lamp is perceived in uncomplicate 
cataract. 

When a differentiation between glaucoma simplex and amblyopia due t 
atrophy of the optic nerve is called for, the diagnosis may be much more difBculi 
In doubtful cases of this nature we investigate first whether fluctuations of ter 
sion, neuralgias and obscurations have formerly occurred. Regular observation 
of the tension with the tonometer will show whether fluctuations of tension ar 
present, but there are cases of glaucoma simplex in which such fluctuation 
either do not occur at all, or are so slight that they are within physiolo^icn 
limits. Then we study the excavation carefully and try to determine whethe 
it is due to pressure, whether the vessels bend sharply at the margin and th 
papilla is at the same time discolored, or is atrophic. The position of the defec 
in the visual field may also be utilized ; in glaucoma there is usually a free secto 
to the temporal side, in atrophy the contraction is ordinarily concentric. Finalh 
the test of the color sense and the light sense may be employed; it is charac 
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teristic of atrophy that color perception, especially for green, is lost very early, 
nhile in glaucoma the normal arrangement of the color perceptions still exists in 
the little remnant of the field. Disturbances of the light sense are" accustomed to 
appear earlier in glaucoma. This patient with glaucoma absolutum neglectum 
is unfortunately beyond our help and I hope that this example may prove an 
efficient warning. 

122. Iridectomy for Glaucoma, Its Consequences and Complications 

The duty of the general practitioner in the treatment of glaucoma has 
been pointed out, and I have indicated how far he can go with the medicamental 
•treatment of this disease, but when such treatment is inefficient, or is not suitable, 
as in grave attacks of acute inflammatory glaucoma, his patients should be 
advised to have an operation performed. This operation should be done only by 
a specialist, for the operative treatment of glaucoma is one of the most difficult 
and responsible duties of the ophthalmologist. Still, the general practitioner 
should be acquainted with this part of oui* work, for he must not be too late in 
advising an operation, he must not let the right time slip by. 

At the present time we have at our disposal for the operative treatment of 
glaucoma: 1, iridectomy; 2, sclerotomy; S, cyclodialysis. Several other opera- 
tions have been recommended, such as myotomia intraocularis, which consists of 
a section of the ciliary muscle, and paracentesis, either with or without incarcera- 
tion of the iris in the wound. The latter operation is based on the supposition 
that a cystoid cicatrix is essential for the regulation of the tension of the eye for 
easy filtration. Coccius leaves the ciliary margin of the iris in the wound after 
a partial iridectomy, and recently Hcltz has recommended to unite the iris with 
the subconjunctival tissue, an operation that has received the name of iridenclcisis 
antiglaucomatosa. 

Another operation, which has been recommended by Abadie^ is the resection 
of the superior cervical ganglion of the sympathetic. This is based on the theory 
that a stimulation of the sympathetic induces a hypersecretion and may in this 
way be the cause of the glaucomatous increase of tension. It is supported by the 
clinical fact that paresis of the sympathetic causes a contraction of the pupil 
and hypotony. I do not perform this operation because it is far surpassed in 
its effect in acute glaucoma by the classical iridectomy, because it is still more 
uncertain in its effect in chronic glaucoma than the other methods, and, thirdly, 
because it is much too dangerous in proportion to its slight value. No one needs 
to die from an operation for glaucoma, but deaths have been reported after the 
resection of the sympathetic, and, when it is not fatal, resection of the superior 
cervical ganglion is frequently productive of other troubles, such as paraesthesias, 
dysphagia, paralyses of the vocal cords, and trophic disturbances. Such an 
operation can find no general acceptance. 

The extirpation of the ciliary ganglion must also be considered too radical. 
Kroenlein^s temporary resection of the wall of the orbit is needed for its perform- 
ance. Finally it may be mentioned that Badal recommended the stretching and 
evulsion of the infratrochlear nerve, in order to alleviate the pain and reduce the 
tension. There is no strong indication for this operation, in my opinion ; at any 
rate we attain the same purpose more easily in other ways. Iridectomy, scleroto- 
my and cyclodialysis are the principal operations for glaucoma. 

I perform iridectomy in every case of acute glaucoma and in chronic inflam- 
matory glaucoma when meiotics have failed. Cyclodialysis or sclerotomy 
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serve as auxiliarj operations in the latter class of cases. I operate in ^aucoi 
simplex only when hjpertonj b demonstrable, and thai prefer anteri 
sclerotomy. We must be ckar in each indiyidual case concemiiis three poini 
1, we must know and be masters of the technique of the operation ; S, we mi 
know what we can attain with the chosen operation in the ^iren erase; S, 
must know what the patient has to expect from the operation for the cure of 1 



Tedmique of iridectomy for glaucoma. I consider it objectionable to op< 
ate on a patient in a sitting posture, as every muscular te nsion should 
avoided, so I prefer to have him lie on an operating table. Local anaesthesia 
secured by repeated instillations of c(x;ain, which at the same txme reduces 1 
tension a little in many cases, but it is not unusual for general anaesthesia to 
needed, when a patient has lost his self control and cannot be expected to 1 
quietly. 

Before and during the cocainization we instill eserin or pilocarpin in ord 
to make and keep the pupil as small as possible, for the operation is perfornK 
much more easih' when the pupil is small, as the anterior chamber is deeper ai 
we can seize the iris to better advantage. We also instill eserin in the other e^ 
which is not to be operated on, because it has been observed repeatedly that it 
apt to be attacked suddenly after the operation, as the result of the exciteroen 
The predisposition to glaucoma is certainly present in this eye and it is prudei 
to prevent such an occurrence. 

We wish to dissolve the connections between the periphery of the iris and tl 
cornea in the sinus of the anterior chamber by the iridectomy, that the filtratic 
angle ma^' be opened, but this can be done only when the incision is placed i 
peripherally that we can excise a sufficient piece of the iris down to the apices < 
the ciliary body, hence the keratome is introduced about 1 mm from the tram 
parent cornea in the scleral limbus, and passed forward as far as possible ini 
the anterior chamber parallel to the surface of the iris, so that the len|^h of tl: 
incision is about 6 or 8 mm. 

When the anterior chamber is so shallow that the keratome cannot be intn 
duced far enough we must try to lengthen the incision by moving the keratom 
laterally. Many surgeons use scissors for this purpose. The formation of 
conjunctival flap is to be avoided because, in the first place, the vessels there ai 
apt to bleed considerably, and in the second, a conjunctival flap favors tli 
formation of a cystoid cicatrix. After the section has been completed the kera 
tome is depressed somewhat and withdrawn slowly from the eye in such a wa 
that its point is directed toward the cornea, so as not to injure the capsule an 
the lens as they are pushed forward. The aqueous is allowed to escape slowl 
at the same time, so that the tension is not reduced suddenly. In spite of a! 
precautions it sometimes happens that the iris is partly extruded from the woun 
with the withdrawal of the knife. We then simply seize it with forceps an< 
abscise it. If the iris remains in its normal position we introduce the iris forceps 
open them widely, seize the iris, draw it somewhat toward the pupil in order t 
free the filtration angle as much as possible, then draw it out of the wound an 
abscise it with two strokes of the scissors. 

This operation is often rendered difficult by the fact that the atrophic an- 
narrow iris tears, or does not yield to the pulling. 

The coloboma produced should be as broad as possible and extend to th 
margin of the iris. The corners of the sphincter must be brought back to th 
area of the pupil. If a tajr of iris is caught in the angle of the wound we tr 
to seize it with forceps and to abscise it, or we may Introduce a small spatul 
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and push the iris back into its normal position. Such incarcerations of the iris 
are dangerous, because they delay the healing of the wound, or render the 
regulation of the tension difficult. 

After the operation has been completed it is well to determine by careful 
palpation the change produced in the tension. It is rightly to be expected after 
such an opening of the capsule of the globe, through which the aqueous has 
escaped, that the tension should be reduced immediately and that the eye should 
feel soft. This happens in many cases, but it is characteristic of glaucoma that 
the eyeball frequently remains remarkably tense immediately after the iridectomy. 

Clinical experience has taught us that we can obtain in this way an indica- 
tion of the curative effect to be expected. If the eyeball has become soft we have 
less anxiety in regard to the outcome, but if it remains hard we must expect, at 
least, that the anterior chamber will be restored more slowly than it should be. 
The iridectomy may be completely ineffective, the glaucoma may persist and go 
on to amaurosis, or the anterior chamber may reopen periodically and require 
weeks for its final reformation. 

After we have thus investigated the immediate effect of an iridectomy for 
glaucoma the after treatment oJF the eye that has been operated on begins. 

An iridectomy for glaucoma is made upward. We depart from this rule 
unwillingly, and perform the operation downward, or to one side, only when it 
has had to be repeated, as is sometimes necessary, or when the upper part of the 
iris is very atrophic. The reasons why the iridectomy is made upward are pre- 
eminently optical; cosmetic reasons are not to be taken into account when the 
problem is that of preserving the organ, and this is an operation to save the life 
of the eye, but we wish the broad coloboma, that will give rise to dazzling from 
the irregular refraction of the peripheral rays of light, to be covered as much as 
possible by the upper lid. The wound lies beneath the lid when the eye is closed, 
we can apply no dressing to it, but must simply wait for it to heal. Healing 
takes place almost invariably without infection, because the margins of the 
wound are quite smooth and not contused, but, to remind the patient to keep hi& 
eyes as still as possible, we bandage both of them for one day, and the e3'e 
operated on for several days more. The bandage is applied quite loosely, or 
simply a capsule is fastened over the eye. I consider it injudicious to apply a 
pressure bandage over an eye that has been operated on for glaucoma, as recom- 
mended by Schmidt'Rimpler. The tension reducing effect of a firmly secured 
pressure bandage on an unwounded eye cannot be produced on an eye that has 
been operated on. Such pressure must cause the wound to gape, for we cannot 
concentrate it upon the region involved. 

The internal pressure sometimes causes the scar following the iridectomy to 
be uncommonly broad, and vascular soft tissue, portions of the iris, or of 
Bowman^s and DescemeVs membranes, to become interposed between the mar- 
gins of the wound, while a smooth and firm cicatrization takes place after pther 
iridectomies. 

The time required for the restoration of the anterior chamber after an 
iridectomy for glaucoma varies a great deal and depends on the nature of the 
individual case. A very slow or imperfect restoration is a bad prognostic sign. 
Cases have been reported, as by Mauthner and Schweigger^ in which the anterior 
chamber was not restored for years, and yet vision was saved, but they are rare 
exceptions. 

What do we accomplish by means of an iridectomy for glaucoma? In what 
does its effect consist? 

The great accomplishment of Albrecht v. Graefe consisted of the discovery 
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that iridectomy reduces the intraocular tension in the majority of attacks of 
glaucoma. An iridectomy on an eye that is not glaucomatous, for example, an 
optical, or a preliminary iridectomy, causes no reduction of tension. How is it 
then that iridectomy reduces tension if glaucoma is present, but does not influ- 
ence it otherwise? Various theories have been advanced, but none give a satis- 
factory explanation of this phenomenon. 

It is generally acknowledged that the iridectomy acts primarily through 
the freeing of the sinus of the anterior chamber. If the periphery of the iris 
occupies this sinus before the operation, as is the rule in many forms of glau- 
coma, the peripheral excision enables the filtration of the aqueous to be re- 
established. In addition to this, when the squeezing of the swollen ciliary pro- 
cesses against the iris ceases in the region of the coloboma the escape of the 
engorged blood from the ciliary processes is facilitated. Probably the secre- 
tion of intraocular fluid by the overburdened secretory organs of the eye is 
diminished at the same time. The evacuation of the aqueous cannot be without 
influence on the circulation of such an eye. The newly formed aqueous may 
assist in separating from the cornea the peripheral part of the iris lying upon 
it if the filtration angle reopens, provided that firm adhesions have not been 
formed, but if firm adhesions of the root of the iris are already present in the 
sinus of the anterior chamber, as is often the case in chronic inflammatory glau- 
coma^ we cannot reopen the sinus entirely by the iridectomy, although the opera- 
tion may still cause some improvement. We must suppose that the result is to be 
credited principally to the division of the adhesions. The cicatrix following an 
iridectomy for glaucoma is much broader than that which follows an iridectomy 
performed for other reasons. SchlemnCs canal may be laid open and the out- 
flow of the aqueous thus reestablished, especially when no atrophy of this im- 
portant outlet has taken place. 

The sole or preeminent cause of the curative effect of the iridectomy for 
glaucoma has been placed by many in the nature of the scar in the sclera. It 
has been believed that a "filtration cicatrix" was formed, through which the 
intraocular fluids could pass. Others again believe that the capsule of the 
globe is relaxed by the scleral cicatrix. This is of direct benefit to the cases in 
which the outer layers of the sclera are too rigid, the capsule of the globe, as it 
were, too small. 

A final group of ophthalmologists look upon the exsection of the iris as the 
most important feature of the operation. Those who refer glaucoma to nerve 
irritation believe that the iridectomy acts through the section of the nerves. 
Others suppose that a direct communication is formed between the vitreous and 
the anterior chamber by the excision of the iris, so that the vitreous can trans- 
udate into the aqueous. Finally, it has been thought by Exner that a decrease in 
the vascular tension in the eye was obtained by the excision of the iris, in which 
the smaller arteries, veins and capillaries are removed, leaving only the stumps of 
the larger arteries and veins at the ciliary margin, so that, as anastomoses form 
between these, the arterial blood flows directly into the veins, relieving the pres- 
sure in the arteries, and consequently the intraocular tension is redu(^. It is 
hard to find a uniform explanation of the tension reducing effect of iridectomy. 
Fortunately for our patients, this is not necessary ; it is much more important 
that the iridectomy is of service to the patient. 

What has the patient to expect from an iridectomy for glaucoma as regards 
its influence on his disease? 

The immediate effect of iridectomy in acute glaucoma is, as a rule, the cessa- 
tion of the frightful pain, either instantly or in the course of a day or two. At 
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the same time the signs of engorgement retrogress, the great injection dis- 
appears, and the refractive media become clear, so that the fundus can be seen, 
after a few days. The patient soon rejoices in an improvement of his vision, but 
usually several weeks elapse before the best vision is obtained, which the eye 
generally keeps. This is due partly to the astigmatism caused by the wound, 
partly to changes in the retina. 

The final result of iridectomy in an attack of acute glaucoma is generally 
good, sometimes it is brilliant. The vision may regain the normal after a first 
attack. When such an eye is examined the tension is found to be normal, the 
cornea to be clear and to have its sensibility reestablished. Permanent lesions 
remain only in the pupil and iris. The pupil remains moderately dilated and 
no longer reacts promptly. The greater the tendency of the pupil to dilate, the 
more doubtful is the final result. Gray places can frequently be seen in the iris, 
which are due to atrophic thinness. The eye may be preserved with good vision 
for many years. Regular reexaminations are necessary, and we usually need the 
further support given by meiotics. When several attacks of acute glaucoma 
have occurred, or a contraction of the visual field and an excavation of the papilla 
existed before the last attack, the prognosis is bad. 

In chronic inflammatory glaucoma, when the result is good, it takes a longer 
time for the maximum of vision to be attained; the anterior chamber becomes 
deeper, but such eyes are accustomed to retain the habitus glaucomatosus. Two 
symptoms are interesting in these cases. Graefe first noticed that even a dis- 
tinct pressure excavation may become more nearly level and so be transformed 
into a shallower cup. A whitish discoloration of the papilla may be so marked 
that one is startled at the first glance and is led to expect to find the vision 
greatly impaired, but the latter is not always the case. Graefe thought that 
the relative positions of the nerve fibres were changed by this alteration in the 
excavation so that the atrophic fibres became more clearly visible. 

The prognosis naturally is bad in chronic inflammatory glaucoma when the 
retina and optic nerve have already been seriously injured; therefore I have 
called attention to the fact that we must not delay an operation too long. Un- 
fortunately operative interv^ention cannot prevent the further loss of vision in 
a great many cases, and because of this dilemma I always try the conservative 
treatment first in this form of the disease. The best that a patient with chronic 
inflammatory glaucoma can hope for is that the disease may be delayed as long 
as possible in its development. 

Certain complications may arise even when the iridectomy is followed at first 
by a favorable course. Like most operations on the human organism this one 
may result in certain disadvantages, a knowledge of which is necessary to the 
right appreciation of our therapeutic ability. 

First among these drawbacks and complications are intraocular hemorrhages. 
When the increased tension in an eye is reduced very suddenly the walls of the 
blood vessels may become more permeable; this is the reason why we meet with 
these hemorrhages chiefly after iridectomy in acute and chronic inflammatory 
glaucoma. We find quite regularly little hemorrhages in the retina after this 
operation for acute glaucoma, situated usually in the vicinity of the papilla and 
macula, but sometimes in the region of the equator. Ordinarily they are of no 
serious importance and are absorbed in the course of six or eight weeks. When 
the tension was not very high before the operation the retinal hemorrhages are 
not so frequent, nor so regular ; they are scarcely to be met with in noninflam- 
matory glaucoma, even though the tension was increased at the time of opera- 
tion. This indicates that the reduction of tension is not their sole cause, and we 
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must suppose that the walls of the vessels themselves are more seriously injuret 
in inflammatory than in noninflammatory glaucoma. 

Hemorrhage into the anterior chamber occasionally forms an unpleasan 
complication, although it is not as common, nor as great, as after an iridectomy 
for chronic iritis. It can hinder the return of the tension to normal for day 
through the transient obstruction of the filtration angle. 

Rupture of retinal hemorrhages into the vitreous after iridectomy is mor< 
rare. Only a few cases have been reported in which such a severe, destnictivt 
hemorrhage occurred as is occasionally seen after an extraction of cataract. 

Another very unpleasant drawback to the iridectomy for glaucoma is tht 
appearance or the rapid development of an already existing cataract. Varioui 
conditions unite to bring this about. The contact of an instrument with th 
capsule of the lens, and slight injuries of the latter, that are by no means im 
mediately visible, cannot always be avoided when it is introduced into the shal 
low, or totally abolished anterior chamber, even with the most brilliant technique 
It is also probable that, with no fault on the part of the surgeon, little lacera 
tions may be produced sometimes in the capsule by the rapid diminution of ten 
sion and the swift advance of the lens, as has been shown by the histological find 
ings of Sachs. An already existing cataract has been repeatedly observed t( 
progress after an iridectomy. I have demonstrated experimentally that th< 
diminution of tension leads to a temporary change in the composition of the in 
traocular fluid, which may be permanent in eyes with diseased vessels. A mori 
rapid development of a cataract may therefore be induced in an individual whos< 
fluids are not suited for the nutrition of the lens. Usually these lenticular 
opacities appear some da3*s or weeks after the iridectomy, and then the extrac 
tion of the lens must be added. 

Another condition occasionally met with after iridectomy for glaucoma is thi 
so called cystoid cicatrix, to which attention was called in the study of the heal 
ing of the wound after an operation for cataract. Ordinarily a smooth, white 
delicate scar, which is scarcely visible, remains after an iridectomy, but occasion 
ally the margins of the wound separate a little after a few weeks. The glass^ 
looking connective tissue that forms the scar gives way before the intraocula 
pressure, and a single, vesicular protrusion develops, which is covered by con 
junctiva. Opinions diflFer as to the frequency of this cystoid cicatrix. Som 
think that the scar becomes somewhat broader in all eves in which the tension i 
increased, even though no protrusion takes place. According to Graefe i 
cystoid cicatrix is formed in about one fifth of the eyes operated on for glau 
coma. This kind of cicatrix is most, likely to appear when the iris is cau^t ii 
the wound, and as this usually hap|)ens in the angles it is here that the cystoii 
cicatrix is most apt to develop. 

Not a small number of ophthalmologists are convinced that a broad^ trans 
parent and cystoid cicatrix after an iridectomy favors the cure of the glauooma 
Some operative procedures have been devised for the purpose of obtaining sucl 
thin cicatrices through which these surgeons think that the aqueous may filter 
We do in fact occasionally observe that the aqueous breaks through the tissu 
of the cystoid cicatrix and is effuseil Ix^neath the conjunctiva: hence we need no 
interfere, ordinarily, with a cystoid cicatrization after an iridectomy for glau 
coma, and yet we do not discharge such patients without some anxiety, for the^ 
should be kept under observation. When the cystoid cicatrix has attained larg 
dimensions it provokes conjunctival irritation and we have to do away with th 
ectasia by carefully cauterizing it repeatedly, so as to flatten the scar, or b; 
opening and excising the cyst, closing the wound, preferably, by a conjunctiva 
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plastic operation. Such eyes are threatened by another danger, the same that 
threatens eyes in which cystoid degeneration of the wound has followed an 
operation for cataract: the thin covering may rupture easily and a rapidly 
advancing infection may take place. When there is the least suspicion of the 
presence of such an infection, which may happen years later, the patient must 
return to a specialist for cauterizations and a plastic operation. 

It has already been mentioned that after an iridectom}" on the first eye an 
unexpected attack of glaucoma may take place in the second. 

The vision deteriorates rapidly after an iridectomy in a small percentage of 
cases. In these we see the papilla? become paler, the vessels smaller, the excava- 
tions deeper, the visual fields more and more contracted. Hence in the brilliant 
operative treatment of glaucoma we can only hope for the best for our patients, 
we can promise nothing, and must be satisfied when we have helped them for a 
time. 

123. Cyclodialysis and Sclerotomy for Glaucoma 

Our first patient has chronic inflammatory glaucoma. The anterior ciliary 
veins about the cornea are distended, the cornea itself is not quite clear, the 
anterior chamber is very shallow, the pupil is widely dilated, the iris is reduced 
to a narrow band, the tension is considerably plus. It is imperative that the 
iridectomy be carried absolutely to the periphery to save such an eye, but this 
would be very difficult to do with such an extremely shallow anterior chamber, 
so I shall first perform cyclodialysis. 

This operation was devised by Heine and was based on the fact, to which I 
called attention while speaking of the after treatment of the operation for 
cataract, that after extraction with iridectomy, the anterior chamber may become 
shallow without a reopening of the wound, some days after the latter has healed 
faultlessly. Such an eye is soft, and Ftichs has demonstrated that a tem- 
porary detachment of the chorioid has taken place. Fuchs supposes that the 
pectinate ligament is loosened by the iridectomy so as to form a communication 
between the anterior chamber and the suprachorioidal space. Axenfeld con- 
jectured that possibly the curative action of iridectomy in glaucoma could be 
explained in this way, in that the aqueous was resorbed from the suprachorioidal 
space. Heine utilized these suggestions and tried to establish such a com- 
munication between the anterior chamber and the suprachorioidal space in the 
following way : 

After the eye has been cocainized I make an incision through the conjunctiva, 
that has been lifted up with forceps, about 8 mm from the limbus, below and to 
the outer side of the cornea in this case, push aside the episcleral tissue and 
separate the margins of the wound so as to lay bare the sclera. Now I seize the 
conjunctiva with fixation forceps close to the diametrically opposite margin of 
the cornea, in this case above and to the inner side, so as to liold the eye firmly. 
Next I make an incision in the bared sclera, 6 or 6 mm from tlie limbus, parallel 
to a tangent to the corneoscleral margin at this point, and gradually divide the 
fibres until the sclera has been cut through. Heine was right when he said that 
we can instantly tell by the feeling when the sclera has been perforated. I 
widen the incision until it is 2 or S mm long. Bleeding sometimes occurs and 
careful sponging is necessary. Then I introduce a stylet into the wound and 
pass it along the inner surface of the sclera. This is, in my judgment, the Most 
important feature of the operation. I must be certain that the stylet is applied 
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to the inner surface of the sclera and does not injure the portion of the ciliary 
body that is in front of it. I press the instrument firmly against the sclera 
and pass it between this membrane and the ciliary body to the limbus, 
until I feel the resistance of the ligamentum pectinatum, another important 
moment ; I press it slowly forward, the resistance is overcome and the instrument 
appears in the anterior chamber. I have succeeded in passing it between the 
cornea and the closely approximated iris, the ciliary body is detached and there 
is a communication with the anterior chamber. Now I make lateral excursions 
with the instrument, so as to detach the insertion of the iris over a larger area 
and enlarge the cyclodialysis, and then withdraw it from the wound. There is 
no escape of aqueous. The wound in the conjunctiva is closed with a suture and 
the operation is finished. A dressing is applied and the patient put to bed. 

What do we expect to gain from this operation? I am convinced, as are 
other ophthalmologists, that cyclodialysis is able to diminish the increased in- 
traocular tension in certain cases of glaucoma, and in some cases it has resulted 
in a marked and permanent hypotony. If the tension is reduced in the eye of this 
patient, which will be known tomorrow, so much the better, we will stop right 
there. If the cyclodialysis should not produce this effect we will at least hope 
for something else. As a rule, the shallow anterior chamber becomes deeper a 
few days after the operation, and then, if the tension is not satisfactory, an 
iridectomy can be performed under conditions more conducive to success than 
they were today. 

Cyclodialysis is still a very young operation, the questions concerning it have 
not yet been settled and the discussion as to its value displays the customary 
literary strife among ophthalmologists. It has its enemies and its friends. 
Schnabel condemned it strongly without having performed it even once. Krauts 
raises the obvious consideration, from the results of his experiments on animals, 
that the operation cannot create a permanent communication between the anterior 
chamber and the suprachorioidal space, because a readhesion takes place. Partial 
lesions of the ciliary body and of the iris have been found at the site of the opera- 
tion in some of the eyes that have later been examined pathologically. None of 
these objections can get rid of the clinical fact that cyclodialysis can reduce the 
tension in a number of cases of glaucoma of the human eye for a considerable 
period, and therefore is of good service in the same way as iridectomy. The 
statement that iridectomy does not do away with glaucoma as a disease, but 
only eliminates the mechanical factor of increased tension, is equally true of 
c3'clodialysis ; therefore we can make use of one operation just is well as of the 
other. If anatomical researches reveal a reattachment of the detached portion, 
and furnish no explanation of the tension reducing effect of cyclodialysis, the 
same is true of iridectomy, the real nature of the action of which in glaucoma is 
still unknown, in spite of all theories and researches. 

On the other hand there is no doubt that too exacting demands have been 
made upon the services of cyclodialysis by its opponents, as frequently happens 
when a new treatment is tested. Cyclodialysis cannot restore the functions of 
an amaurotic eye. We must not forget that the operation was tried at first in 
the worst cases of glaucoma, in which there was not much to be lost. In such 
cases it is difficult, if not impossible, to comply with the requirements laid down 
by KrausSy that 1, the tension shall be permanently diminished; 2, the signs of 
irritation shall permanently disappear; 3, the excavation of the papilla shall 
not advance; 4, the refractive media shall become clear; 5, the function shall be 
restored ; 6, the painfulness shall pass away ; 7, complications shall be avoided. 

The friends of the operation should not speak of permanent effects, as they 
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have spoken. When the results of iridectomy are not accepted as permanent 
until after the lapse of decades, those of cyclodialysis should not be said to be 
permanent when the first few cases have been under observation only about two 
years. The history of the treatment of glaucoma should be taken rather more 
into account. My own opinion, drawn from my clinical observations up to the 
present time, is that cyclodialysis cannot, will not, and need not universally 
take the place of v, Graefe*8 iridectomy for glaucoma. Until its definite place 
in the treatment can be determined, which will not be possible for a long time to 
come, I shall consider it an auxiliary operation. As such it has certain ad- 
vantages over iridectomy in quite a number of cases. 

The operation is one that is easily performed, preserves a round pupil in the 
eye and is much less dangerous than an iridectomy when we are obliged to oper- 
ate at a time when the anterior chamber is totally abolished, when the tension is 
high, when hemorrhage is to be feared, when the iris is atrophic, and when an 
iridectomy has already been performed. Under such circumstances it is some- 
times the only operation that can be performed, it can be repeated more readily 
than any other, and it does not preclude any other subsequent intervention. 
Whether these advantages will suffice to give it a permanent place in the opera- 
tive treatment of glaucoma must be determined by long clinical observation. On 
the whole I am a friend to the conservative treatment of glaucoma, but when I 
have decided that it is best to operate I take cyclodialysis into consideration. I 
employ it chiefly in cases in which it would be difficult to perform an exact 
iridectomy, mainly in cases of chronic inflammatory glaucoma with shallow an- 
terior chamber and a narrow iris. I also use it in cases of glaucoma simplex in 
which fluctuations of tension are demonstrable. In acute glaucoma, on the con- 
trary, I perform iridectomy, because the efi^ect of cyclodialysis is not produced 
with sufficient rapidity. Iridectomy is likewise the first recourse in secondary 
glaucoma from seclusio pupillae, or leucoma adherens. 

A third operation for glaucoma, sclerotomy, introduced by Quaglino and 
perfected by de Wecker^ is performed in many ways and with various modifica- 
tions, which may be divided into two groups: a sclerotomy performed in the 
limbus is called sclerotomia anterior, one performed farther back in the sclera, 
through which a portion of the vitreous is removed, is known as sclerotomia 
posterior. 

Anterior sclerotomy emanated from the idea that the essential point in an 
iridectomy for glaucoma is the creation of a broad scar, permeable to the aqueous, 
a "filtration cicatrix," and that therefore the iridectomy could be superseded by 
sclerotomy. The effort is also made to open Fontand*s space as freely as pos- 
sible by the incision. Permanently good results can be obtained by this opera- 
tion in a number of forms of glaucoma. In glaucoma simplex especially 
sclerotomy surpasses iridectomy, and is followed much less often by a direct 
loss of vision. I therefore prefer sclerotomy when any operation is 
necessary in glaucoma simplex, when it has been determined that the 
process in the two eyes cannot be arrested by meiotics. I introduce 
a Graefe knife in the margin of the cornea, make a counter puncture 
on the other side, and cut upward as if I were about to make a narrow flap for 
a cataract extraction. As soon as two thirds of the incision have been completed 
I open the wound, so that the aqueous will escape slowly. This must be done very 
carefully. The iris will arch over the back of the knife, but will not prolapse. 
When the aqueous has been evacuated I withdraw the knife slowly, leaving a 
portion of the sclera uncut in the middle of the wound. The after treatment 
is the same as that of other operations for glaucoma, a bandage and regular 
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instillations of eserin. Many surgeons endeavor to combine an iridodialysis with 
this sclerotomy. 



124. The Change of Fluid in the Normal Eye 

If there is a disease of the eye that is governed bv a disturbance of the intra- 
ocular change of -fluid, that disease is glaucoma. This is evident not only from 
the clinical picture but also from the pathology of the disease. Generations of 
investigators have labored, and must continue to labor, over the subject of the 
change of fluids in the eye. Leber especially has won great credit in this field. 
The extent of, and the difficulties in this field of research preclude that I should 
enter into details in the short time at our disposal. The subject is studied in the 
clinic almost entirely to facilitate the understanding of the glaucomatous process 
ami for this pur})ose I will give a brief review of the theory of the change of 
intraocular fluid and at the same time demonstrate some experiments. 

The intraiKular fluid, which fills the anterior chamber, the posterior chamber 
and the vitreous, has two physiological duties to perform. It is a nutritive 
fluid and as such must conduct nutritive material to the transparent, nonvascular 
organs of the eye, tlie lens, the vitreous and the cornea, and must remove the 
products of motalHilism at the same time. It must also constantly maintain the 
fonn and curvature of the walls of the eye. We became acquainted with tlie 
latter function in the study of phthisis bulbi. When the tissue of the vitreous is 
K^t, xiihen tlie intratKular fluid is no longer formed in sufficient quantity am' 
of nonnal com|H)siti<in, the capsule of the eyeball may still be well nourished, 
but tln^ eye atn^phie>. 



L Does a Change of Fluid Take Place in the Kye? 

Is there a ciwstant renewal of the intraocular fluid? Everv where else the 
blood and lymph are in constant motion, this is a change of fluid. The cells of 
tW organ draw their nutriment from the lyniph and blood capillaries, by tlie 
MH^Iecular pi^wers of diffusion and osomkis^ as weU as by specific* chemical affinities, 
ami exchange for it their cataK>lic products. This i> metabolism. The two 
pnKXssos work hand in haml in tlH> organism, but we must not mistake the one for 
tl)e other. Metabolism takes place when an organ is nourished* it takes place 
within tlK" eye, but diKs a cliange of fluid likewise take place there? 

We learner) in our studies ct^nceming the pnx>e<&«e$ of nutrition in the lens 
ami ix^niea tliat tln^e mmxas^nilar organs tiepend for their nutrition on osmons, 
diffusion ami tlv sjHviflc biological affinities of the ciH protoplasni. Does a 
ol.ange take placi^ in tlK surnnimiing fluiii in the physical ^ense of a current? Or 
d»vs the intra^vular fluid fonn an exception to the ru!os of the nwrement of the 
bU^ni ami lym|\li tlwt prvvail in other organs? This is the first question to be 
answerwi. Thrw tlKH^ri*^ have Ikvu a^i\-anccd, 

\. Tlnx^ry of a Rapid Clvange of F^uki, 

i>|.>hthalmoK^ists learntxi Kwg ago from their operations that Hie anterior 
ch,^mlvr n^Us \erv ^^uiokly after tl^ escape of the a|u<«is^ If the aqueous is 
ivtuoxwi fn\m the c\o of a raWut mith a syringe* it mill Kf replaced in a fe« 
minutes, ami the in>oluntary ivm^hisi^x* is that the fiaid i< r ewewied rapidly in 
tiu' ;ntaot e\e» 

TIh^ apfvaramv of crystalk^i^i >ulvitamvs in the ^q-jeixi-^* <*»« after tliey hate 
Uvn intrxHhuvti intx* the organisnu ako indJcatcs a mrid mk^^ of the inin- 
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ocular fluid. For example, if we inject a solution of potassium iodide into a 
rabbit the drug appears in the aqueous after a very short time. We may use 
coloring matters, like fluorescin, in a similar way, according to Ehrlich. These 
crystalloid substances are soon excreted again from the eye, especially from the 
aqueous, and some authors have believed that they could obtain data in regard to 
the rapidity of the renewal of the aqueous from the time necessary for the dis- 
appearance of these substances. How quickly such diffusible substances dis- 
appear from the aqueous and vitreous may be shown by the curves worked out 
by my assistant, Dr. Loehlein, for other pharmacodynamical reasons. 

Still the conclusion cannot be drawn from all these observations and experi- 
ments that the intraocular fluid is renewed very rapidly, that there is a lively 
change of fluid in the eye, for the aqueous newly secreted after a puncture is not 
normal. It coagulates spontaneously, in contrast to normal aqueous, and con- 
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Fig. 101. —Per mille of Potassic Iodide in 
Serum. Aqueous, and Vitreous after 
Subcutaneous Injection of 0.3 com of 
a 20% solution to 100 firrams Weight of 
Animal. 




Pig. 102.— Per mille of Potassic Iodide in 
Serum. Aqueous, and Vitreous after 
Feedinsr an Animal a 20% solution in 
the Proportion of 0.3 com to 100 srrams 
of Weight 



tains from fifty to eighty times the normal amount of albumin. The puncture 
reduces the intraocular tension suddenly and this is not a normal condition for 
the formation of intraocular fluid. 

The fluorescin does not make visible a current of the intraocular fluid, because 
it spreads largely by diffusion, which must not be mistaken for a physical cur- 
rent. This is shown by the fact that, according to the researches of Ehrenthal, 
the same symptoms are produced within the eyes of dead animals in which the 
movement of the blood and lymph are naturally excluded, and if foreign crystal- 
loid substances, like potassium iodide, fluorescin and potassium ferrocyanide, dis- 
appear from the intraocular fluid during life through diffusion, it is evident 
that we learn nothing by this experiment concerning the rapid renewal of the 
intraocular fluid. 
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2. Theory of Xo Movement of Fluid. 

The theory that a very rapid current of intraocolar fluid circulates within 
the eye is diametrically opposed to the theory of Weiss, that the presence of a 
morement of fluid in the eye is absolutely unprored, and that an absence of such 
a current is perfectly conceivable. 

The overwhelming majority of ophthalmologists are unable to subscribe to 
such a negation. The golden mean lies between these two extremes, and at the 
present time we believe in a very slow current of the intraocular fluid. 

S. Theory of a Slow Movement of the Fluid. 

The answer to this question would be quite simple if we could render visible 
the movement of fluid in so transparent an organ, but this is impossible. We can 
detect no trace of movement, even when minute bits of gold leaf and cbolesterin 
crystals are introduced into the anterior chamber and the eye is kept quiet. This 
is not surprising when we remember that, according to the calculations of Leber, 
a particle of fluid needs at least fifteen minutes to pass from the centre of the 
pupil to the sinus of the anterior chamber. 

As we cannot see the current of intraocular fluid we have to consider what 
other data we possess to prove the presence of a real change of fluid. From the 
moment of death, when the blood pressure is removed, the eyes continually grow 
softer, even when protected from external evaporation, showing that, with sub- 
normal pressure, fluid flows out of a fresh, dead eye. If we raise the tension 
above normal by introducing under external pressure fluid into the anterior 
chamber of such a fresh dead eye through a canula, as done by Leber, we And 
that fluid constantly filters out of the eye and we see it trickle from the ends of 
the cut ciliary veins. If fluid flows from the eye under subnormal and super- 
normal pressure we are justified in supposing that a change of fluid takes place 
when the pressure is normal. 

It can be easily shown that fluid disappears by resorption from the living 
eye, by injecting physiological salt solution into the anterior chamber. The in- 
crease of tension thus produced soon diminishes because of this resorption. Under 
normal conditions the quantity of fluid secreted in the eye in a unit of time is 
the same as that removed by resorption or filtration. This filtration of fluid 
from the eye that we can establish in the freshly enucleated organ is not very 
different from that which takes place during life. Therefore if we are able to 
determine the quantity of fluid which leaves the freshly enucleated eye by way 
of filtration into the veins when the tension of the eye is normal, we can at least 
obtain an idea how much intraocular fluid passes through the eye in a certain 
time. 

Leber constructed a special instrument, the filtration manometer, for this 
experiment, the principle of which is that a current of physiological salt solu- 
tion 18 introduced into the eye under a certain fixed pressure, the quantity of 
which may be measured by the capillary marks on the tube. 

Many experiments by Leber, Priestley Smith, Hamburger, and Niesnamoff 
with such instruments, which deal only with the conditions in the anterior cham- 
ber, have shown that about one hour is necessary for the secretion of the same 
quantity of aqueous as fills the anterior chamber. From this we may conclude 
that the movement of fluid in the anterior chamber, while distinctly present, is 
very slow. 

It is evidently slower than appears in these experiments with the filtration 
manometer, because errors appertain to this method of examination. The fluid 
flows more easily into the veins which are connected with Schlemm^s canal in dead 
than in living animals, as Leber himself pointed out. The anterior chamber may 
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be dilated also, and the filtration through the sinus considerably facilitated 
(Priestley Smith). 

A second method by which the outflow of the intraocular fluid may be deter- 
mined is given by Leplat. Fluid under a pressure of 25 mm of mercury in a 
tube is placed in communication with the cavity of the vitreous. The fluid shows 
no movement at first, but as soon as vaseline is injected into the anterior chamber 
of the living rabbit, so as to occlude the principal outlet, a certain quantity of 
fluid escapes from the canula. The results are analogous to those obtained with 
the filtration manometer. The conditions in the eye were certainly not normal, 
but rather those of violent interference, in these experiments, but they show at 
any rate that the movement of the fluid in the eye must be very slow. According 
to Wessely*s calculations, from the decrease of the albumin in the aqueous after 
puncture, two hours must probably elapse before a sufficient quantity of intra- 
ocular fluid has been formed to fill the anterior chamber. 

Aside from such experimental researches, which prove a slow change of fluid,, 
we have theoretical reasons that render it probable. 

Strong currents are contraindicated because one duty of the intraocular fluid 
is to maintain the form of the eyeball. In addition to this, the transparent 
media of the eye, the cornea, lens and vitreous, have only a slow metabolism, be- 
cause they have in reality only an optical function, not a specially active one 
which would necessitate an accelerated movement of the fluid. On the other 
hand, it must be remembered that fluid flows into the eye with the least increase 
of the external pressure and that with the least reduction of this pressure fluid 
flows out. This also confirms the theory that the change of fluid in the normal 
eye is slow. 

n. Origin of the Intraocular Fluid 

It is evident that the eye contains an organ that secretes fluid, and it is just 
as plain that this organ can be found only in the uvea. The chorioid is excluded 
as the secretory organ, because if it had to secrete the principal part of the* 
intraocular fluid the latter would be continually percolating through the retina, 
which a consideration of its delicate structure shows to be impossible. Yet the 
chorioid was formerly thought by Knies and Ulrich to be secretory. 

We also know from the experiments of Deutschmann that after extirpation 
of the ciliary body and iris the entire production of intraocular fluid ceases, and 
that such eyes become phthisical with atrophy of the vitreous. The chorioid' 
therefore cannot even secrete that part of the intraocular fluid which supplies 
the vitreous. Hence its source must be in the anterior segment of the uvea and' 
the only question is whether the secretory organ is the ciliary body, the iris,. 
or both combined. This question is not yet settled. 

The answer does not seem to be difficult at first glance. When we look at a 
section of the human eye the ciliary body with its ciliary processes seems to be 
.called upon a priori to play the part of a secretory organ, for its surface is 
enormously enlarged by the formation of the ciliary processes, which are richly 
supplied with blood vessels. By their structure they remind us of glands,, 
particularly of those in which the secretory epithelium is situated on the out- 
side, but the ciliary processes are not true glands, and the resemblance is super- 
ficial. The pathological reasons that indicate the secretory function of the ciliary 
body are more valid. 

Let us examine two sections under the microscope. The first section comes 
from an eye with exclusion of the pupil. The posterior chamber is much dis- 
tended and the impression given is that the distention has been produced by 
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secretion from the ciliary processes. The o.ther section, tiiken from a staphyloma 
in which the iris and cornea were adherent, Hkcwise indicates increased activity on 
the part of the ciliary processes. These indications of the secretory function of 
the ciliary body have been known for a century (v. Beer). 

E.\ peri mental evidence has appeared in modem times. Deutickmann removed 
by evulsion the iris and ciliary body, the consequence of which was that the 
production of aqueous ceased and the vitreous atrophied. The only conclusion 
to III- drawn from this is that the iris and ciliary body together secrete the intra- 
ocular fluid, so wc have to call for assistance on an observation made on man 
which makes it probable that this function appertains chiefly to the ciliary body. 
The entire iris may be torn away without injury to the normal formation of the 
intraocular fluid. Total absence of the iris may also be conpfenital. Hence, the 
iris alone, but not the iris and ciliary body together, may be removed from the 
eye and the normal fullness with intraocular flnid be maintained. 

The second kind of experiment, from which it was hoped to learn the place 
where the intraocular fluid is formed, consists of the introduction of foreign 
substances, like potassium iodide, and potassium ferrocyanide, in various ways 
into animals and then tracing their extension into the eye by chemical reactions. 
These esperinients, which have been numerous, could not attain the desired end 
because the extension of these substances is governed too much by the laws of 
liiffusion. How little can be learned in this manner concerning the place where 
the intraocular fluid is secreted nmy be reahzed best, perhaps, from the fact 
that after injections of potassium ferrocyanide exactly the same zones of reaction 
can be demonstrated with ferric chloride in the dead eye as in the living. It 
can be proved that potassium iodide appears flrst in the aqueous and then in 
the most anterior layers of the vitreous, which it gradually permeates. 

In contrast to these abortive experiments the suggestion to make observable 
during hfe the movement of fluid in the normal eye by the introduction of color- 
ing matter has attracted much attention. It is remarkable that this scientific 
thought occurred to no ophthalmologist at the time when these questions were 
being disputed. Ophthalmology has to thank the surpassing genius of Paul 
Ehrlitli for the advance furnished by the fluorescin method. 

If a suitable dose of a solution of fluorescin is injected into the blood cu>^ 
rent of a rabbit it appears in a few minutes in the anterior chamber, in the form 
of a vertical, curved, green line on the posterior surface of the cornea, starting 
from the periphery of the iris. How the line is produced has not been fully ex- 
plained; it is met with only in rabbits, Ehrtich himself believes that eddies of 
fluid come from both sides of the iris and come together in the median line, but 
we know that such currents of fluid do not exist in the eye. Besides, the law of 
diffusion enters so much into the excretion of the fluorescin from the body and 
into its appearance in the eye that the line of fluorescin does not of itself reveal 
the processes of secretion. The importance of the fluorescin method by no means 
depends on that of Ehrlick^i line, as many have erroneously believed. A phenom- 
enon that can be made visible in only one kind of animal, the rabbit, and is greatly 
dependent on the quantity of fluorescin employed in the individual experiment, 
eiidently cannot answer the question as to the change of fluid. 

Two important symptoms of the metabolism and change of fluid in the 
eye have been added to our knowledge by the fluorescin method. The fluorescin 
escapes diffusely from the vessels of the iris in alt kinds of animals, 
not rabbits alone, and the most interesting point of this phenom- 
enon is that this escape cannot be explained simply by diffusion, but is connected 
with the process of secretion. Weaely has shown that tliis escape of fluorescin 
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from the iris is proportioned to the size of the vessels. If the eye is irritated 
so as to produce a hyperaemia the escape of fluorescin increases, and the reverse 
happens if vasoconstriction is produced artificially. If we try to explain this 
phenomenon by an enlargement or diminution of the surface from which diffusion 
takes place, caused by the change in calibre of the vessels, we find that the escape 
of fluorescin from the ciliary body is demonstrably parallel with the qualitative 
and quantitative change of the aqueous secreted at the same time. The fluorescin 
method gives us the flrst evidence of secretory processes in the iris. 

The second experiment of Ehrlich is to puncture tlie anterior chamber of a 
rabbit, after it has received an rqtra venous injection of fluorescin, when the 
newly formed aqueous will be seen to pour through the pupil from the posterior 
to the anterior chamber in the form of thick, green streams. The ciliary body 
of such an animal is found on dissection to be distended with fluorescin. This 
proves that the aqueous which is newly formed after reduction of the tension by 
puncture comes from the ciliary vessels. We may convince ourselves of this fact 
anatomically. Greeff has shown that after punctures of the anterior chamber 
the epithelium of the ciliary processes may be detached in the form of bulla?, in 
which coagulations of albumin and fibrin take place. 

We do not need such severe irritations to prove the secretory activity of the 
ciliary processes by the help of fluorescin ; with much weaker ones we may per- 
ceive the origin of the intraocular fluid from the ciliary processes by the greater 
amount of albumin in the aqueous and the corresponding amount of fluorescin. 
Thus a gradual transition from pathological to normal conditions may be 
established. 

We have still another experiment, for which we are indebted to Leber, which 
shows that the principal part of the secretion after puncture comes from the 
ciliary processes. If, after abscission of the cornea, a little tube is introduced 
into the pupil so as to guide the secretion of the ciliary processes outward the 
anterior surface of the iris remains almost dry, a sign that under such circum- 
stances its secretion is very slight. 

We have thus obtained data from the normal anatomy, the pathology and 
experiments that indicate the ciliary processes to be the secretory source of the 
intraocular fluid. Recently some investigators have claimed that the iris takes 
part in the process of secretion. C. Hamburger in particular has won credit by 
bringing this question up again in the face of dogma and authority. He cor- 
rectly infers a participation of the surface of the iris in the secretion of aqueous 
from the behavior of the anterior chamber in seclusio pupilla*. Tlie prolonged 
presence of fluid in the anterior chamber in such a condition cannot be understood 
except through the assumption of a secretory function of the anterior surface of 
the iris. 

In embryonal life, at a time when the pupil is still occluded by the pupillary 
membrane, we find an anterior cliamber already present : this also is ascribed by 
Hamburger to a secretory activity of the iris, but it is difiicult to determine 
whether this is so or not, because we do not know that the pupillary membrane 
is quite impermeable. The traces of foetal aqueous may perhaps come from the 
vessels of the pupillary membrane, and even if the iris secretes during ftetal life 
it does not follow that it needs to do so later. Hamburger also believes that in 
irideremia the ciliary body acts vicariously for the iris, but this has not been 
proved. He goes so far as to suppose that the iris alone secretes the aqueous 
in the normal eye, but that exceptionally, under certain conditions, the ciliary 
processes may furnish this secretion. He believes that the ciliary body secretes 
at the most only a small quantity of fluid for the vitreous, but produces aqueous 
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only when it is irritated, orotlier higli demands render the new formation of intrn- 
ocular fluid necessary. Those views Hamburger deduces chiefly from his theory 
of "the physiological exclusion of the pupils." 

The theory of the physiological exclusion of the pupils assumes that under 
normal conditions fluid may not be able to pass through them. As the iris is 
(irched forward by the anterior surface of the lens the force exerted by the 
sphincter pupills in its contraction may be directed partly against the lens and 
so exclude the pupil; this would render a continuous current from the posterior 
chamber impossible and, in that case, the iris alone could secrete the aqueous 
under normal conditions. 

The basis of this theory is an experiment in which Hamburger injected a 
minute drop of fluorcscin into the posterior chamber and found that this very 
iliffusible coloring matter did not pass at once through the pupil into the 
'nterior chamber, iis would be expected if an open communication were present. 
More than twenty minutes often elapsed before it appeared. When the eye 
was irritated or punctured the fluoreacin appeared immediately in the anterior 
chamber. This experiment is beyond doubt a very important one, which deals a 
bad blow to the old theory of the preponderating and sole secretion of the aqueous 
by the ciliary body, but its technique is so full of minutiie that such serious 
errors may be made as the injection of the fluorescin into the lens, or into the 
vitreous, which would explain its late appearance in the anterior chamher. 
For this reason this experiment does not suffice, in the opinion of most 
ophthalmologists, to prove the theory of a physiological exclusion of the pupil. 
The fluorescin is held back in the posterior chamber more markedly in such ex- 
periments, according to Wesselt/, when a strong current of secretion from the 
ciliary body is caused to take place by means of subconjunctival injections of 
salt. This particular kind of diffusion still needs an explanation. I am inclined 
to believe that the fluorescin does not appear so quickly in the anterior chamber 
in Hamburger's experiment because resorptive forces immediately seize upon the 
coloring matter and try to discharge it into the circulation. The organism frees 
itself so quickly of this foreign substance after an intravenous injection that only 
a small percentage of the entire quantity is to be met with in the blood at the 
end of five minutes iLoehlciu). 

Some physiological facts contradict this theory. The physiological exclu- 
sion of the pupil must be firmest when the sphincter is contracted by accommoda- 
tion and by the action of eserin, but we know that in accommodation the lens 
I'hakes distinctly and sinks somewhat downward, showing that the iris is not 
firmly adherent. It has also been ascertained that when India ink is injected 
into the vitreous, granules of this substance may appear in the pupil and anterior 
chamber, during life, at the end of half an hour. Moreover, we do not know that 
the tone of the sphincter pupillx' is so strong that it cannot be overcome by the 
secretion of the ciliary body. 

Above all the lower surface of the iris is so irregular^it is necessary to take 
only the pigment coat into consideration — that it is doubtful if so close an exclu- 
sion is possible. These factors explain why Hamburger has succeeded onlv in 
convincing the majority of ophthalmologists that the iris participates in the 
production of the aqueous. His idea that the iris is tile sole source of the 
aqueous, and that the ciliary body acts only as a reserve organ, is not accepted 
at the present time. The iris and ciliary body both take part in the formation 
of the intraocular fluid, but whether the iris produces the aqueous, and the 
ciliary body the vitreous fluid, under normal conditions, or whether the activity 
of the ciliary body preponderates, we do not know. 
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m. The Outlets for the Intraocular Fluid 

The principal outlet for the aqueous is Schlemm^s canal, which was formerly 
thought by anatomists to be a lymph space, but was proved by Leber to be a 
vein. It lies embedded in the firm tissue of the sclera and forms a venous ring 
connected laterally with the episcleral veins. Under the microscope its wall is 
seen to consist of a simple tube of endothelium. No wide opening exists between 
the anterior chamber and this canal, and yet we know with certainty that the 
aqueous leaves the eye through this passage. One proof of this has been demon- 
strated already; if this outlet is obstructed the increased tension of glaucoma 
appears in the eye. Another proof is gained from the results of numerous ex- 
periments with the filtration manometer. When fluid is injected under constant 
pressure into the anterior chamber of a fresh, dead eye, it escapes by way of the 
veins and trickles from the cut ends of the anterior ciliary veins. If a staining 
solution, like carmine, is injected into the anterior chamber, it passes readily 
into the sinus venosus. Injections of India ink into the living eye show that 
after its introduction into the anterior chamber minute granules can be found in 
both the sinus venosus and the episcleral veins {Nuel^ Asayama). Therefore 
there is no doubt of a connection between the anterior chamber and ScUemm*9 
canal, which is situated in the sinus of the anterior chamber. The way of com- 
munication is afforded by the apertures in Fontana*s space, the clefts in Des- 
cemeVs membrane, which is loosened in texture at this place, and the intracellular 
cement edges of the endothelium in SchlemnCs canal itself. 

Since the aqueous passes through such fine and minute spaces outward into 
this venous plexus its passage seems to be only a sort of filtration. 

The vessels of the iris partake in the resorption of the aqueous and form a 
second outlet from the anterior chamber. This is shown experimentally by the 
injection of India ink into the anterior chamber, when particles of this substance 
are found very often in the tissue of the iris, especially about the veins, 
which had entered not only from the crypts, but also diffusely from the entire 
surface. I do not consider this sort of evidence convincing, and, even when we 
admit that secretion and resorption of the aqueous by the iris may be associated, 
this outlet for the aqueous through the vessels of the iris must be insignificant. 

There are no other outlets from the anterior chamber ; it is nowhere connected 
directly with lymph vessels, the aqueous escapes from the eye only by way of 
filtration into the blood vessels. Leber has shown that the absence of direct effer- 
ent lymph passages is of great importance to the preservation of the form and 
tension of the eye. 

We do not know much with regard to the outlets of the vitreous. We do not 
know in what direction the fluid may move in the vitreous, or even whether a 
movement of fluid takes place. Experiments with injections of diffusible sub- 
stances have as yet given us no information, except that it is known from the 
experiments of Nuel that a portion of the India ink injected into the vitreous, 
with care to avoid an increase of tension, flows out of the pupil. On the other 
hand, it has been demonstrated much more frequently, in such experiments, that 
the India ink extended backward into the sheaths of the central vessels and into 
the intervaginal space of the optic nerve. There are, therefore, two ways open 
for the flow of the vitreous fluid, backward through the optic nerve, and forward 
through the zonula. 

Experiments to determine the quantity of fluid that escapes through the 
optic nerve have been made by Priestley Smith, Leplat, and Niesnamoff, in which 
fluid was injected into the vitreous under high pressure, while at the same time 
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the outlet of the anterior segment of the eyeball was occluded by the introduc- 
tion of vaseline into the anterior chamber, and have showed that not more than 
-^ of the quantity of the fluid that escapes from the chamber leaves the eye in 
this way. The importance of this outlet is therefore very slight. 

It has long been known that the vitreous fluid can filter easily through the 
zonule. I hold up by its optic nerve the eye of an ox which has had a little 
piece removed from the centre of its cornea. Drops of vitreous fluid continually 
come from the opening, and this fluid must have filtered through the zonule from 
the vitreous, as the aqueous has been removed. The same phenomenon takes 
place when the anterior chamber is reestablished in the cadaveric eye, according to 
Deutschmann. If fluorescin is injected into the vitreous and then the anterior 
chamber is punctured the coloring matter immediately exudes from the pupil in 
the living eye, hence it must have passed through the zonula. 

It is unquestionable that this ability of the zonule in the normal eye to per- 
mit filtration is of great importance to the change of fluid, because no difference 
of tension exists between the anterior and posterior segments of the globe. If 
the tension in the vitreous is increased by the injection of fluid, that in the 
anterior chamber rises instantly. The iris and lens do not advance and the 
anterior chamber does not become shallow, as long as the eyeball is not opened. 
The equalization of tension between the anterior and posterior segments of the 
eye in this experiment must be due to the immediate passage of fluid through 
the zonule into the anterior chamber. Thus it is possible that the faculty of 
filtration possessed by the zonule is a sort of safety valve when pathological 
increases of tension take place in the vitreous. 

The movement in the aqueous is very slow, but that of the fluid in the larger 
space of the vitreous is much slower. Indeed, it is doubtful if the aqueous 
secreted by the ciliary body enters the vitreous under pressure, for when we 
puncture the living eye, or irritate the ciliary body by subconjunctival injec- 
tions of salt solution, we see substances that diffuse with difficulty, such as the 
albuminoids of the serum and certain antibodies, appear regularly in the anterior 
chamber, but neither Wessely nor I have found these sut)stances in the vitreous. 
It is not at all certain that the renewal of the fluid of the vitreous does not take 
place through diffusion. The aqueous constantly secreted by the ciliary body 
mingles, in that case, with the fluid of the vitreous by diffusion through the 
zonule and the hyaloid membrane. 

The perichorioidal space has obtained a certain importance through Heine^s 
cyclodialysis for glaucoma. This is a capillary interspace between the cborioid 
and the sclera. Under normal conditions it forms at most an outlet for the 
tissue fluids of the chorioid, but not for the intraocular fluid, for the fluid would 
have to pass through the retina and chorioid in order to reach it, which is impos- 
sible. It is opened in cyclodialysis in the hope that a resorption of the intra- 
ocular fluid from the anterior chamber may be obtained. The outlet from this 
space is probably through the vessel sheaths of the venae vorticosae, either in 
Tenon*s space, or, when these vessel sheaths end in cul de sacs within the sclera, 
as they are supposed to do, through filtration back of the fluid into the venae 
vorticosffi themselves. 

Whatever may be the details of the change of fluid in the eye a law of har- 
mony must govern the process. It must be constituted so that secretion and 
excretion are evenly balanced to maintain intact the form, tension and function 
of the eye. We may epitomize this part of the theory of the change of fluid in 
the eye in the following manner: A gentle current of fluid passes through the eye 
so slowly that it cannot be seen, and regulated so wonderfully that secretion and 
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excretion are exactly in equilibrium. How is this equilibrium disturbed ia 
glaucoma? 



125. The Nature of the Intraocular Circulation of Fluid 

Before we can understand properly the pathological disturbances of this 
change of fluid, and how they are brought to light in glaucoma, we must discuss 
two important points: first the true nature of the intraocular circulation of 
fluid ; second, the theory of the normal intraocular tension. 

What are the powers that keep the intraocular change of fluid in motion? 
There is no doubt that the pressure in the blood vessels is the cause of the secre- 
tion and constant renewal of the aqueous and vitreous fluid. The best proof of 
this is furnished by the fact that after death, after the circulation has ceased, 
this secretion stops. A phenomenon, which, at first glance, seems to indicate 
that the secretion of the aqueous continues after death, is that if we puncture the 
anterior chamber of the eye of a cadaver it refills after a short time, but it has 
been proved that this fluid comes from the vitreous, filters through the zonule into 
the anterior chamber and is in no way a new secretion of aqueous. Evidently 
the difference of pressure between the anterior chamber and the vitreous, neces- 
sary for such a filtration in a punctured cadaveric eye, is produced by a slight 
compression of the vitreous by the elastic capsule of the eyeball, or by the retrac- 
tion of the lens and zonule, which moved forward after the puncture. 

Experimental stimulations of the sympathetic and trigeminus of dead animals 
by Wessely revealed nothing that indicates a new secretion of intraocular fluid 
after death. On the contrary the secretion is dependent on the existence of blood 
pressure. 

From the remotest times the question has been discussed whether the process 
is one of secretion or of filtration, i.e., whether the living cells display an active 
secretory function, or the process is purely physical. 

Query I. — Is the intraocular fluid produced by a process of secretion? 
Physiology teaches us to call a product a secretion only when it contains sub- 
stances which are met with in the blood either in minute quantities or not at all, 
and when it is to a great degree independent of the blood pressure, as in the 
formation of the saliva, the gastric juice and the bile. Does the intraocular 
fluid correspond in its composition to such a definition of a secretion? 

We have already studied the composition of the intraocular fluid, so I will 
simply state again that the aqueous and the vitreous contain only about 1 % of 
solids, chief of which is sodium chloride, with small quantities of sodium carbonate, 
potassium chloride, potassium sulphate, calcium phosphate and magnesium phos- 
phate, with traces of glucose and of paralactic acid, and a substance resembling 
mucin in the vitreous. The amount of albumin is very small, about i^%, 
while the blood serum contains about 8%. 

The most essential fact in this composition of the intraocular fluid is that it 
contains no material that is foreign to the blood serum. In addition to this the 
places where the intraocular fluid is formed, the ciliary processes and the iris, 
are not, correctly speaking, glands. Taking these things into consideration there 
can be no doubt that the intraocular fluid is not a secretion. 

Query II. — Can the production of the intraocular fluid be explained by 
filtration? We speak of filtration when fluid passes, in consequence of a diflFerence 
in pressure, through a porous membrane, by which the corpuscular elements sus- 
pended in the fluid may be detained, in accordance with the size of the pores. 
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We have two kinds of filtration, one through an artificial filter, the other 
through an animal membrane, which differ considerably from each other. For 
•example, in the filtration of albuminous solutions through animal membranes the 
amount of albumin in the filtrate is considerably less than in the solution to be 
filtered, while this is not the case with an artificial filter. Filtration through 
animal membranes, i.e., through the membranes of the blood vessels, is the only 
kind to be taken into account in the formation of the intraocular fluid. It is 
also necessary to understand fully that we cannot apply the laws of simple, 
artificial filtration to the production of the intraocular fiuid. The reasons we 
cannot do so are: 

1. The filtration in the eye and elsewhere in the living body does not take 
place in the open air, as it does in our experiments, but between two hydrostatic 
pressures. The blood is forced into the capsule of the eyeball by the height of 
the arterial pressure, while the tension of the vessel wall and the intraocular ten- 
sion press upon the blood column. The driving force for the filtration into the 
•eye is the pressure difference between the height of the arterial tension on the one 
hand and the tension of the vessel wall, together with the intraocular tension, 
on the other. 

2. Filtration never occurs alone in the eye, but is always accompanied by 

osmosis. 

3. The living vessel walls, the layer of epithelium on the ciliary processes, 
and the endothelium of the iris, are not the same as simple, dry, dead, animal 
membranes. 

Having made these reservations we can deal more accurately with the ques- 
tion: Can the production of the intraocular fluid be explained as a kind of filtra- 
tion by means of the supposititious presence of very minute pores? To deter- 
mine this we must answer two questions. 

1. Can the composition of the intraocular fluid be explained by the theory of 
a process of filtration? 

2. In how far can the quantitative relations of the change of fluid in the eye 
he explained by filtration? 

As regards the first question, the salts of the intraocular fluid present no diffi- 
culty, especially as I believe that even their percentages scarcely differ from 
those in the blood serum, and it has been proved that the osmotic pressure of the 
intraocular fluid is not higher than that of the blood. All of these substances can 
certainly enter the eye by way of filtration, but how about the albumin? How 
does it happen that the aqueous and vitreous contain at least three hundred times 
less albumin than the blood serum? 

Various causes have been adduced to explain the retention of the albumin. 
It has been believed that the intraocular pressure acted as a counterpressure to 
the filtration and made the passage of albumin difficult, but we see in intraocular 
inflammations, in which the tension remains the same, that it is unable to prevent 
the entrance of a considerable amount of albumin into the aqueous. 

The epithelial covering of the ciliary processes and the endothelium of the 
iris have been thought to be the cause of the small amount of albumin that passes. 
I have already pointed out that the aqueous which reforms after puncture of the 
anterior chamber is very rich in albumin in comparison with the normal aqueous. 
Greeff found anatomically that after such punctures the epithelium of the ciliary 
processes becomes detached in the form of bulla* with degeneration of the cells, and 
supposed that this denudation of the epithelium from the ciliary processes was 
the cause of the greater passage of albumin, and also of the excretion of flbrin, 
into the anterior chamber. But this is not correct, for according to Brauer*s re- 
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searches, the escape of albumin when the tension Is lowered suddenly Is not asso- 
elated with the formation of vesicles. Moreover, the formation of vesicles of the 
epithelium on the ciliary body is totally absent when the puncture is made very 
slowly and the tension is lowered gradually, and yet the amount of albumin In 
the aqueous is just as great as when the puncture is made rapidly. The epithelial 
blebs are likewise absent when we induce a great excretion of albumin into the 
aqueous through Irritation of the eye, as by subconjunctival Injections of salt. 

The reduction of tension by the puncture cannot be the only cause of the in- 
creased escape of albumin. We would rather expect that with the sinking of the 
counterpressure the relative amount of albumin in the filtrate would diminish, in 
accordance with a law that has been discovered appertaining to the filtration of 
solutions of albumin. Instead of this we find just as much albumin in the aqueous 
in the course of inflammations and irritations of the eye, when the eyeball has not 
been opened, as after puncture. 

If the cause of the retention of the albumin cannot be found In the counter- 
pressure, nor in the layer of epithelium covering the vessels, there remains 
scarcely anything else, except to hold the vessels themselves responsible for the 
small amount of albumin in the aqueous. In fact it must be laid down as an im- 
portant law of the change of fluid in the eye that the eacape of albumin into the 
aqueous is dependent primarily on the size of the secretory vessels. We may con- 
vince ourselves of the extremely close connection between the condition of the 
vessels and the excretion of albumin into the aqueous by the following experiment. 

We may brush the conjunctiva of a rabbit with a fine camePs hair pencil, 
or we may touch the eye with silver nitrate to obtain a greater degree of irrita- 
tion, or we may make a subconjunctival injection of a 5% salt solution; in each 
case we will create a hyperaemia that extends to the secretory vessels. When the 
aqueous of animals that have been so treated Is examined we find that the secre- 
tory organ of the eye has responded to the slightest Irritation that produced 
hypersemla with an increased excretion of albumin, which becomes enormous with 
the greater Irritations. Wessely has shown that this. Is actually due to the abnor- 
mal size of the vessels. 

When a powerful vasoconstrictor, like adrenalin, is used locally in the eye 
and then a puncture is made, the newly formed aqueous contains just as little, 
albumin as the normal aqueous, because the vessels of the ciliary body are con- 
tracted. 

Now we can return to our question : Can the slight amount of albumin In the 
normal aqueous be physically explained by the process of filtration? If so we 
must suppose that the pores between the capillary endothelia and the ciliary 
epithella are so small that normally the large molecule of albumin cannot pass, 
but when these pores are stretched by hyperaemia the albumin passes through. 
Plausible as this theory seems, the fact cannot be concealed that the purely 
physical force of filtration does not suffice for the secretion of the aqueous, for we 
perceive signs in the eye which indicate that its secretory organ is able to keep 
back certain substances in the blood, in the same way as a gland. 

When fluorescin is injected intravenously into a rabbit this easily diffusible 
substance is found in the normal aqueous, only In a much weaker concentration 
than in the blood. This is due, in the first place, to the fact that the organism 
begins the excretion of the coloring matter immediately after the Intravenous 
Injection, according to a pharmacodynamic law studied by Loehlein. Thus the 
prerequisite for a marked transition of such substances Into the Intraocular fluid 
is that they shall have been present in sufficient concentration in the blood for 
a long time, and this prerequisite Is absent. 
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In spite of all these transmissions of drugs and coloring matters into the eje, 
vital cell functions play a part, and the simple law of filtration does not suffice 
to explain, for example, the observation of Wessely that after death the behavior 
of the intraocular process of secretion toward fluorescin is completely changed. 
Half an hour after death the fluorescin is no longer held back, in the manner 
above described, but passes freely into the anterior chamber, when the animal has 
been washed out with a salt solution containing the coloring matter. 

Another evidence of the retention power of the secretory organ is that after 
the action of adrenalin only traces of fluorescin enter the anterior chamber even 
in case of puncture, as was foimd by Wessely. 

The relations of the antibodies of the serum to the intraocular fluids furnish, 
in my opinion, still greater evidence that filtration is not the only factor in the 
secretion of the aqueous, but that vital elective powers of the cells take part. 
Under normal conditions these antibodies are held back in a peculiarly elective 
manner by the secretory organ. The albuminoids of the anterior chamber, small 
as is their quantity, do not differ, so far as we know, from those of the serum. 

I have convinced myself by numerous experiments that the passage of the 
antibodies into the intraocular fluid, when the secretory organ is irritated, is by 
no means closely parallel to that of the albumin. As the albumin increases there 
is naturally an increase of the antibodies, but a percentage estimate shows con- 
siderable differences between them. When we puncture the anterior chamber of 
a rabbit that has \yQvn immunized against typhoid, whose serum contains a certain 
agglutination standard, for example, agglutinates typhoid bacilli in a dilution of 
1 to 2000, and determine the agglutination power of the regenerated aqueous, 
we find that the aqueous with about 1% of albumin exhibits the same standard 
as the serum, although the latter has 8% of albumin. These things can be under- 
stood only when we recognize that the living cells of the secretory organ exer- 
cise vital functions in the production of the intraocular fluid. 

We do not know precisely whether these cells are chiefly the ciliary epithelium, 
the endothelium of the iris, or the endothelium of the vessels. I advocate the 
view that capillary endothelia have to perform quite different functions in differ- 
ent parts of the body. 

In how far can the quantitative relations of excretion and secretion of the 
intraocular fluid be explained by the theory of a process of filtration? 

Many experiments on the dead eye with the filtration manometer have shown 
that the quantity of fluid flowing from the eye is proportional to the pressure 
of the injection at the particular time, i.e., that the outflow from the eye proves 
to be proportional to the passage of fluid through the animal membrane. The 
higher the pressure the more fluid flows from the eye ; when it ceases the outflow 
stops. 

The comparative experiments performed by Niesnamoff on the same eye 
while living and when dead furnish still better evidence. They demonstrate that 
such a proportion exists between pressure and quantity of outflow that we can 
picture to ourselves the evacuation of the intraocular fluid, its resorption, as in 
truth a process of filtration. 

The anatomical construction of the eye is also such as to favor filtration. 
The sinus venosus Schlemniii is embedded in the firm tissue of the sclera, where it 
cannot be compressed by the intraocular pressure. It is connected, not directly, 
but laterally, with the efferent veins, so that the blood pressure in it is particularly 
low. The construction of the other outlets also favor resorption. The veins of 
tiie iris and ciliary body, which take part, are plainly held open by the turgor, 
or by the elastic tension of the tissue. 
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The only thing that remains to be noticed is that not only the outflow, but 
also the inflow of the intraocular fluid is in a way dependent on the height of the 
blood pressure, so that here also we may speak of a process of filtration. In this 
experiment the general blood pressure is either raised or lowered while the attempt 
18 made to keep the intraocular tension the same, or the inttaocular tension is 
changed without alteration of the blood pressure. 

It has also been shown that the quantity of secretion is dependent on the intra- ' 
vascular and extravascular diiFerence of pressure; for example, the intraocular 
secretion ceases when the secretory capillaries are subjected to an external 
pressure of 60 mm of mercury. 

To recapitulate our views concerning the nature of the intraocular circula- 
tion of fluid we may say that the intraocular fluid is formed by a process of tran- 
sudation, for its quantity depends on the blood pressure, and its quality on the 
chemical composition of the blood. The secretion of the aqueous differs from other 
processes of transudation, however, in the peculiar behavior of the passage of 
albumin, so the aqueous cannot be called intraocular lymph. In addition to this 
we must recognize that, extensive as is the physical dependence of the intraocular 
circulation of fluid upon the blood pressure, vital cell functions take part in the 
process of filtration. The eye is not a lifeless filter. 

126. The Intraocular Tension 

When one palpates his own eye he feels that the wall of the globe and its 
contents are subjected to a certain pressure, which we call the intraocular tension. 
We have learned from our cases of glaucoma that this c^an be increased, and from 
cases of phthisis bulbi, detachment of the retina, and perforating wounds, that it 
can be decreased. Now we need to learn how the intraocular tension behaves 
under normal conditions, and what we must know of it in order to understand 
glaucomatous diseases. 

I. Elasticity of the Capsule of the Eyeball and Its Importance in the 

Preservation of the Form of the Eye 

We may consider the eye hydrostatically as a nearly spherical, elastic capsule 
filled with fluid. The elasticity of the capsule is so great that the wall of the 
eye is stretched but very little when the intraocular tension is increased. 

When fluid is forced under increasing pressure into a fresh eye the form of 
the ball changes very little. The increase of volume of the globe is found by 
experiment to be very slight. In Koster^s experiment the pressure was increased 
from 19 mm to 70 mm, yet the increase of the cubic capacity of the eyeball was 
only 45 cm — only 7-1000 of the original capacity. The stretching of the cap- 
sule is not proportional to the pressure in such experiments, but always grows 
less as the pressure increases, because of the peculiar elasticity of the cornea and 
sclera, and particularly because the deviations of the cornea and sclera from 
the form of a sphere disappear more and more as the tension within the eye 
increases, so that the eyeball is forced to approximate the form of a sphere, and 
a sphere has the greatest possible cubic capacity with a given amount of sur- 
face. The shorter, sagittal diameter is somewhat lengthened as the intraocular 
tension increases, while the incurvation at the corneoscleral margin, due to the 
difference in the curvatures of the cornea and sclera, is lessened. 

We can follow these changes on the cornea very well with the aid of oph- 



520 ORIGIN AND HEIGHT OF INTRAOCULAR TENSION 

thiilmoinetric measurements. As the form of the eyeball approaches that of a 
sphere tlie radii of curvature of the cornea must increase. Under physiological 
conditions the vertical meridian of the cornea has usually the greatest curva- 
ture, but as the form changes under the increased tension it may happen that 
this physiological asymmetry disappears and the opposite meridian may become 
the most curved. Such an inversion of the physiological asymmetry of the 
corneal radii has been frequently found by many authors (Pfalz) in glaucoma, 
but on the whole the stretching and the change of form of the capsule of the 
eyeball when the tension is increased is very small, a phenomenon which is of 
interest in the pathogenesis of glaucoma. 

The sclera alone supports the intraocular tension and presen-es the form of 
the cveball. The elasticity of the chorioid is much inferior, as is shown bv the 
fact that if a little aperture is cut out of the sclera the chorioid will protrude at 
once through the opening, and it hardly needs to be said that the delicate retina 
cannot support the intraocular tension. Xicolai has found that the retina and 
chorioid are thicker when an enucleated eye is punctured previously to being 
placed in the fixing fluid. He believes that these membranes are kept stretched 
during life bj' the tension of the eye, and contract when that tension is removed. 
Koster thinks it more probable that a tissue tension exists in these membranes 
during life, which is equal to the intraocular tension and prevents their compres- 
sion. When the tissue tension ceases with death the still existing, though lowered, 
tension of the eye may suffice to compress these membranes. 

n. The Origin and the Height of the Intraociilar Tension 



The only source of the tension of the eye is the blood pressure. 

If we divide the long ciliary arteries, which supply the ciliary processes — 
an experiment that has been performed by ITa^rfiiiiafifi — ^the eye immediately 
becomes and remains soft. The blood is forced into the eye by the height of the 
arterial pressure against the resistance of the elastic wall of the eyebaU, there- 
fore the blood pressure must always be higher than the intraocular tension, for 
the blood colunm is subjected to both. The height of the arterial blood pressure 
must exceed the intraocular tension by the amount of the tension of the vessel 
wall. 

The height of the arterial blood pressure in man is about 120 nun of mercury. 
The height of the pressure in the ophthalmic artery and its branches, which is 
of special interest to us, may be determined by pressing fluid into the eye and 
noticing the e3Lact pressure at which the «itrance of blood through the lurteries 
ceases^ or just begins again, and, according to the experiments of Sckmlter^ the 
pressure in the ophthalmic artery in rabbits is almost as high as in the carotid, 
about 90 to 100 mm of mercury. 

TIk pressure in the capillaries of the ciliary processes is, on the contrary, 
much lower. Its height is deduced from the secretion pressure of the aqueous, 
and is given by XUsnamoff as 50 mm of mercury, for with this height of pressure 
the secretion of the intraocular fluid ceases. 

Hfighi of the ImtraocmUr Teutiom 

We have at our disposal two means by which to determine the height of the 
intraocular tension* manometry and tonometry. 

In manoroetry a canuk is introduced into the eye, usually the anterior cham- 
ber, and connected with a suitable manometer. The experiment may be per- 
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formed with Leber*8 filtration manometer, by means of which we may measure 
both the tension and the filtration. 

Tonometry alone can be used for the examination of the human eye. An 
impression is made on the eye with a certain force by means of certain instru- 
ments, and the height of the tension is determined from the degree of force 
necessary to produce such an impression. 

The intraocular tension of the human eye under normal conditions is about 
25 mm of mercury, but this may vary within certain physiological limits, between 
15 and 80 mm of mercury. We know that the eye is not simply a cavity filled 
with fluid, that it is divided by the iris and lens into an anterior and a posterior 
segment^ that the vitreous space is filled with a gelatinous tissue, the anterior 
chamber with fluid. Experiments have proved that no differences of tension 
exist between these two cavities that can be measured with the manometer. If 
fluid is injected into the vitreous the tension in the anterior chamber rises at 
once to correspond. Likewise, no difference can be detected when one canula of 
the manometer is introduced into the vitreous and the other into the anterior 
chamber. Pulsatory and respiratory fluctuations of tension may be demon- 
strated in both spaces. Certainly, if a continuous flow of aqueous takes place 
from the posterior chamber into the anterior, as is assumed in the theory of the 
change of fluid in the eye, there must be a difference of tension between the 
anterior and the posterior chambers to overcome the resistance of the sphincter 
pupillffi, but we know nothing of, and cannot measure this difference of tension. 
At all events no great difference of tension exists between the anterior and the 
posterior segments of the eyeball. 

ni. Influences Exerted upon the Intraocular Tension 

It has been known for a long time that certain fluctuations in the intraocular 
tension take place synchronously with the pulse and respiration, and recently 
they have been demonstrated with exactitude by Wessely. The pulsatory fluctua- 
tions are very slight, yet the changes in the size of the intraocular arteries suffice 
to excite them, although, under normal conditions, we can see no pulsation in the 
retinal arteries by means of the ophthalmoscope. 

Influence of Drugs upon the Intraocular Tension 

The question of the influence of drugs upon the intraocular tension is of 
special interest because we have to depend upon them in treatment, so a brief 
discussion of the pharmacology may be in order. 

The four most important drugs that reduce the intraocular tension are adren- 
alin, cocain, eserin and pilocarpin. 

Adrenalin, when used locally in the eye, whether by instillation, or by sub- 
conjunctival injection, reduces the intraocular tension because it contracts the 
blood vessels very markedly. This is the more interesting because the blood pres- 
sure is strongly increased by its intravenous injection. The enormous power of 
this drug to contract the blood vessels may be demonstrated by the instillation of 
a few drops of a 1 to 1,000 solution into the conjunctival sac of a patient. 

The cocain that we constantly use likewise contracts the blood vessels and 
so reduces the intraocular tension slightly. 

Eserin produces a similar but much greater effect. After a brief and slight 
increase the tension sinks very distinctly and for a considerable time. The 
effect is confined to the eye that is treated. Groenholm has shown by the filtra- 
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tion manometer that it decreases the rapidity of secretion, and also the plethora 
of the eye. 

The effect produced by a 2% solution of pilocarpin is quite similar. At 
first there is a brief increase, followed by a decrease of the intraocular tension. 
Its effect on animals differs from that of eserin in that it is not confined to the 
one eye, but affects the flow of saliva and accelerates the pulse. Evidently it is 
absorbed more easily, for its effects are noticeable in the eye into which it was 
not instilled. 

An important question in regard to the action of these two drugs is in how 
far their effect is due to the change they produce in the size of the pupil. We 
conceive the effect of meiotics in glaucoma to be that they facilitate filtration 
by making free the angle of the anterior chamber, but whether a dilatati6n or 
contraction of the pupil in a perfectly normal eye can influence filtration is 
doubtful. Probably the contraction of the blood vessels takes part. 

Under certain circumstances atropin can increase the intraocular tension 
cdiisiderably. The filtration of the aqueous into the sinus venosu^ is rendered 
difficult, in glaucoma, by the dilatation of the pupil that follows its adminis- 
tration. The increase of tension seems to be preceded by a slight decrease. 

Influence of the Nerves upon the Intraocular Tension 

Only two nerves come under consideration: the sympathetic and the 
trigeminus. 

Two phases follow each other in the intraocular tension wlien the sympathetic 
is stimulated: There is a brief increase, due in part to the contraction of the 
smooth muscles of the orbit, in part to a general increase of the blood pressure, 
or to the presence of vasodilator fibres in the nerve ; then a more lasting decrease, 
due to the contraction of the intraocular vessels, a vasoconstrictor effect of the 
nerve. 

When the sympathetic is divided the general blood pressure falls somewhat, 
and likewise the intraocular tension, but the effect on the latter is ^ot great. It 
is remarkable that a reduction of the intraocular tension has been observed in man 
after extirpation of the superior cervical ganglion, a treatment that has been 
recommended in glaucoma. 

Influence of the Trigeminus 

Stimulation of the trigeminus causes immediately a very marked increase 
of the intraocular tension without any preliminary decrease, as has been found 
by V. Hippel and Gruenhagcn. This increase of tension is due to an increase of 
the blood pressure, caused in part by the irritation of vasodilator fibres. 
Adamueck has proved that this increase of intraocular tension after irritation 
of the trigeminus is caused chiefly by the increase in volume of the blood vessels, 
but not by an increase of the intraocular fluid. 

After section of the trigeminus the intraocular tension may sink, though this 
does not appear to be a regular symptom. Prolonged hypotony has often been 
(ibserved in man after a paresis of the trigeminus, although keratitis neuro- 
paralytica was absent. 

The most important point to be learned from these results, so far as the 
theory of intraocular tension and change of fluid is concerned, is that these nerves 
have no direct secretory effect upon the eye, only an indirect effect by way of 
vasomotor influence. According to Nicati, after the trigeminus has been stimu- 
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lated and the sympathetic divided, fluorescin that has been injected intravenously 
}>asses quickly and in large quantities into the anterior chamber after puncture, 
because the vessels are dilated. Inversely, the escape of the coloring matter is 
slight when the sympathetic is stimulated, because the vessels are strongly con- 
tracted. 

The influence exerted by disturbances in the general circulation upon the 
intraocular tension is of interest because in glaucoma everything must turn on 
the question whether changes in the general circulation have brought about the 
disturbance in the change of fluid in the eye, or whether the latter is due to local 
conditions in the eye itself. The intraocular tension is directly dependent on the 
blood pressure, but this is no evidence that we can experimentally influence the 
former by decreasing or increasing the latter. 

Compression or ligation of the carotid causes a reduction of the tension of 
tlie eye on the same side, but after a time the tension again becomes normal. The 
tension sinks when the vagus is stimulated, as well as after great loss of blood, 
and quickly falls at death. 

If the spinal cord of an animal is divided between the occiput and atlas, so 
that the regulating action of the vasomotor centre ceases, the blood vessels of the 
abdominal viscera dilate extraordinarily, so as to contain a great part of the 
blood, and consequently both the blood pressure and the tension of the eye sink. 

We can increase the tension of the eye by compression of the descending 
aorta, thus driving all the blood to the head. We can also increase it greatly 
by stimulation of the medulla oblongata, through stimulation of the vasomotor 
centre. The same effect is produced by carbonic acid poisoning, in which a 
stimulation of the vasomotor centre plays a part. We can also temporarily in- 
crease the intraocular tension by the intravenous injection of large quantities of 
physiological salt solution, but it lasts only a short time, in consequence of the 
rapid excretion of the fluid. 

An obstruction to the venous outflow has almost no influence on the intra- 
ocular tension. If the obstruction is situated near the eye the blood evidently 
finds a sufficient way of escape through the dilatation of the vessels and through 
anastomosis. The only exception is that an increase of tension is produced by 
ligation of the venae vorticosa? of the eye itself. Fluctuations in the intraocular 
tension may be produced by drugs that reduce or elevate the blood pressure. It 
has been observed to sink in the narcosis produced by chloral and to increase in 
that caused by ether. Scopolamin also increases the tension of the eye, probably 
through stimulation of the vasomotor centre and contraction of the external 
ocular muscles. 

The tension is also considerably affected by changes in the atmospheric 
pressure. 

rV. Regulation of the Intraocular Tension in the Normal Eye 

It is important that we should know what guarantees the regulation of the 
intraocular tension in order that we may understand glaucoma. We may 
imagine that it is regulated in the following manner : 

The intraocuhir tension is dependent on the blood pressure, yet it counter- 
acts any sudden fluctuations in the blood contained in the intraocular vessels. 
If the blood pressure rises and causes an increased secretion of intraocular fluid, 
the intraocular tension rises and checks the increase of the secretion. If the 
blood pressure falls, so that the secretion of intraocular fluid, and with it 
the intraocular tension, is diminished, the outflow of fluid must be lessened as 
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the result of the lowered tension. Therefore the intraocular tension is always 
striving to maintain a normal height. How far nervous influences take part 
in this regulation of the intraocular tension we do not yet know accurately. It 
is remarkable that the intraocular tension does not rise with the increase of 
aortic pressure that we meet with in chronic nephritis. 

Doubtless the most important point in the pathogenesis of glaucoma is that 
we can produce in the eye a permanent increase of the intraocular tension only 
by the occlusion of the outlet of the intraocular fluid, as proved by Leber and 
Bentzen. We have therefore to take this obstruction of the outflow primarily 
into account in the explanation of the pathogenesis of glaucoma. 

127. Speculations Concerning the Nature and Origin of Glaucoma 

Thus far we have dealt chiefly with the clinical symptoms of primary glau- 
coma, but for scientifically speculative reasons we must inquire into the true 
nature of this circulatory disturbance of the eye. In spite of the enormous 
amount of industry and experiment, in spite of all the acumen employed, it must 
be admitted that the true nature of glaucoma is still unknown. I can give only a 
brief review of the most important theories that have been advanced concerning 
its fundamental causes. There is scarcely a tissue, scarcely a phenomenon in the 
eye that has not been held responsible for the origin of this disease. The fol- 
lowing fundamental facts must be. taken into account if we would become con- 
versant with the theories of glaucoma. 

The intraocular tension is etiologically dependent on the blood pressure and 
on the fullness of the vessels, and at the same time acts as a regulator of the intra- 
ocular plethora. If the blood pressure rises so as to increase the intraocular secre- 
tion of fluid, the increase of intraocular tension so produced counteracts the in- 
crease of secretion. Again, an increased secretion of fluid in a normal eye must 
result in an increased discharge, so as to restore the equilibrium between inflow 
and outflow. If the blood pressure falls and the diminution of the secretion causes 
a lowering of the intraocular tension, the discharge of fluid is lessened and the 
balance is restored. Another regulating factor, the importance of which was not 
formerly appreciated, is the clastic extensibility of the sclera. If an excess of 
intraocular fluid is actually present the healthy eye can accommodate itself to 
such a volumetric change of its contents by the stretching of the sclera. 

The question now arises : By what can the intraocular tension be increased in 
pathological conditions, as we find it in glaucoma? 

A. Retention Theories of the Pathogenesis of Glaucoma 

We have to deal first with the fact that in animal experiments the intraocular 
tension can be permanently increased only by closure of the outlet of the intra- 
ocular fluid. These experiments have been performed in various ways. A» Weber 
injected olive oil into the anterior chamber; Leber produced an inflammatory 
agglutination of the sinus of the anterior chamber by the injection of dead 
cultures of staphylococci ; others, like Schoeler and Heisrath, induced an increase 
of tension by cauterization of the limbus; Bentzen injected various sub- 
stances, 9uch as solutions of iodine and of ammonia, into the anterior cham- 
ber, cauterized the pigment edge of the cornea, and introduced threads 
into the anterior chamber, but succeeded in obtaining a prolonged 
increase of tension only by a severe injury of the sinus produced by 
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scratching. A permanent increase of tension with increasing enlargement 
of the eyeball was produced in rabbits with greater precision by Erd^ 
mann^ by the introduction of finely granular oxidation products of 
steel. This may be done by introducing a steel needle as a positive electrode 
into the anterior chamber, placing the negative electrode on the back of the 
animal, and passing through them an electric current of suitable strength. Such 
oxidation products may be produced by electrolysis in the aqueous which has 
first been evacuated from, and is then replaced in the anterior chamber of a 
rabbit. The finely granular particles of* iron are deposited in Fontana*8 space, 
where they produce by cell proliferation a permanent occlusion of the sinus of 
the anterior chamber. 

Animal experiments prove the importance of the occlusion of the sinus of 
the anterior chamber in the production of an increase of the intraocular tension, 
and occlusion of the outlet must be of great importance in human glaucoma^ 
since it can be anatomically demonstrated in almost every case. This has been 
confirmed repeatedly since the- researches of Knies. 

In addition to this anatomical fact an experiment can be performed on the 
human eye. Leber and Bentzen investigated the filtration capacity of enucleated 
glaucomatous eyes and found that this capacity was greatly reduced, showing 
that the occlusion of Fontana^s space may cause increase of tension. It can be 
understood from the consideration of such important facts in the pathology of 
the human eye how it is that many ophthalmologists have ascribed, and still 
ascribe, the origin of glaucoma to an occlusion of the outlet. They are the 
advocates of the retention theory. The question is only : What causes the occlu- 
sion of the sinus? A consideration of all the various theories that have been pro- 
pounded in answer to this question would be going too far, so I will mention 
only the most essential. 

Knies thought the cause to be a genuine inflammation in the vicinity of 
Schlemm^s canal, and even now many, like de Vties and Henderson, suppose an 
engorgement to exist in the veins of the circulus venosus, a primary sclerosis of 
the fibrous elements of the ligamentum pectinatum. According to Ad. Weber a, 
venous engorgement takes place in the ciliary processes in consequence of the 
reduction of blood pressure, which causes the ciliary processes to swell, and then 
the swollen ciliary processes force the periphery ,of the iris into the sinus of the 
anterior chamber. This is known as the Weber-Knies theory. According to 
• Ulrich, glaucoma is due to a sclerosis of the connective tissue of the iris. 

Others, like Czermak and Bimbachery emphasize particularly the conditions 
found by them in the vortex veins as productive of the venous engorgement, while, 
according to Priestley Smithy a narrowing of the perilenticular space predisposes 
to the origin of glaucoma. It has already been mentioned that hypermetropic 
eyes are more prone to glaucoma than others. Hypermetropic eyes are smaller. 
We know that the lens increases in size throughout life, that it is a third larger 
at sixty five years of age than at twenty five, and that as it grows larger it ap- 
proaches nearer, not only to the posterior surface of the cornea, but to the tops 
of the ciliary processes at the equator, thus narrowing the circumlental space,, 
especially in eyes that are small, in hypermetropic eyes. In glaucoma the ciliary 
body is distended with blood, the ciliary processes are swollen and pushed for- 
ward. As long as the circumlental space is large enough these processes can 
expand into it, but if the space is small the ciliary processes are, according to- 
Priestley Smith, driven forward against the periphery of the iris and occlude the 
sinus of the anterior chamber. 

According to Czermak, the iris can easily cause an occlusion of the sinus of 
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the anterior chamber, especially with its thicker portion, when the pupil is dilated. 
If the tension increases it compresses, at a certain height, the veins at the places 
where they enter the sclera and so produces engorgement and increase of 
transudation. 

Still other ways of occluding the outlet have been thought of. Some oph- 
thalmologists believe that obstruction to the outflow from the vitreous along the 
central vessels of the optic nerve may cause an engorgement of the intraocular 
fluid. Laqueur thinks that such an obstruction would be harmless as long as the 
anterior filtration space was open. Others have agreed with Schwalbe that the 
space between the chorioid and the sclera is a lymph sac, the distention of which 
may explain the symptoms of glaucoma. 

Finally, the composition of the intraocular fluid itself has been held re- 
sponsible for its retention. Some have believed that a chemical alteration causes 
an irritation of the endothelium lining the outlet passages, which proliferate and 
cause occlusion. On the other hand, many, like TroncosOj ascribe the difliculty 
of filtration to a large amount of albumin in the intraocular fluid, and the occlu- 
sion of Font ana* 8 space to the excretion of albumin in the glaucomatous eye, but 
this is not correct, because no glaucoma need be produced by the albuminous 
aqueous in iritis. The anterior chamber may be entirely filled by a hypopyon 
witliout causing an increase of tension. The farther we get away from the occlu- 
sion of the sinus of the anterior chamber in this theory, and the more we bring 
in other factors to explain the retention, the more insecure becomes the ground 
beneath our feet. Although we recognize fully the importance of the occlusion 
of this outlet in the pathogenesis of glaucoma, yet, in spite of all efforts, the 
cause of this occlusion remains an enigma. No one can deny with certainty 
that the occlusion of the sinus of the anterior chamber is not a secondary 
result of some otiier process. 

B. The Secretion Theory in the Pathogenesis of Glaucoma 

Although in animal experiment we can produce a permanent rise of the intra- 
ocular tension only by occlusion of the sinus of the anterior chamber, yet it has 
long been known that there are other factors which are able to excite an increase 
of tension. It has been proved experimentally that such an increase may be 
excited by stimulation of the sympathetic and trigeminus. It is supposed that 
when these nerves are stimulated the blood pressure rises because of a contraction 
of the vessels and increases the secretion within the eye. Clinical experience also 
fteeins to indicate that the secretion may be increased by nerve irritation, as for 
•example, when patients suffering from an obstinate trigeminal neuralgia are 
finally seized with glaucoma. An increase in the contents of the eyeball is also 
obtained when the vcn«e vorticosa* are ligated according to the procedures of 
Schulten and K osier. The rise of the intraocular tension in animals, associated 
with a change of the general blood pressure, has also been the subject of much 
study. 

AH investigators, who do not subscribe to the retention theory, continually 
insist that the occlusion of the outlet cannot be the sole cause of glaucoma, for 
occasionally we find the filtration space open when glaucomatous eyes are 
examined anatomically. Numerous clinical facts prove that [)artial occlusion of 
the sinus of the anterior chamber need not pro<luce glaucoma. It may be occluded 
throughout a large extent by blood, hypopyon, and even marginal agglutina- 
tions of the iris to the cornea, and yet need not cause glaucoma for a very long 
time. Hence there are numerous ophthalmologists who consider occlusion of the 
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outlet to be not the only cause of glaucoma, if the cause at all, but explain the 
rise of tension through an increase of the fluid contents of the eye. This brings 
us to the second group of theories : those of secretion. 

Danders conceived glaucoma to be a hypersecretion caused by nervous influ- 
ences, and the experiments of Gruenhagen and v. Hippel seem to show that irrita- 
tion of the trigeminus takes part in its causation. The symptoms of acute glau- 
coma in particular, in which the tension suddenly rises, may be explained by an 
irritation of the trigeminus, according to Gruenhagen and v, Hippel, although 
disturbances in the circulation of the blood certainly cooperate. The irritation 
of the trigeminus is the more apt to result in a rise of the intraocular tension as 
the tonicity of the blood vessels governed by the sympathetic is the less intact. 

According to Schweigger glaucoma is a neurosis of secretion which causes a 
volumetric increase of the vitreous. He calls particular attention to the fact 
that, according to the retention theory, we must observe, at least at the begin- 
ning of a glaucoma, a dilatation of the anterior chamber by the dammed back 
aqueous, but this is not the case. 

Laqueur looked for the secretory nerves, the irritation of which would cause 
hypersecretion, not in the trigeminus, but in the sympathetic. Adamueck found 
that an increase of the intraocular tension could be produced when the sym- 
pathetic was stimulated, in consequence of the rise of the general blood pressure, 
and Abadie ascribed the origin of glaucoma to an excitation of the fibres of the 
sympathetic. A plexus of nerves in the middle of the iris should take a prominent 
part and from this Abadie explained the effect produced by iridectomy. First 
the trigeminus, then the sympathetic, is held responsible for the glaucoma, in 
the secretion theories, of which there are still other versions. 

Some authors, instead of supposing that an active hypersecretion takes 
place under nervous influence, seek to ascribe the increased secretion of the 
intraocular fluid to inflammations and alterations in the vessels. 

Inflammatory glaucoma was thought by r. Graefe to be a chorioiditis serosa. 
Goldzieher found an atrophy of the chorioid and of the choriocapillaris in glau- 
comatous eyes and conjectured that these lesions had caused a compensatory 
•dilatation of the vessels of the ciliary body, and thus a hypersecretion. Fuc1i» 
supposes that in consequence of chronic inflammatory lesions in the chorioid the 
venous outflow from the vessels of the ciliary processes and of the iris is rendered 
difficult or prevented so that an' engorgement with hypersecretion is produced. 

Vascular changes not caused by inflammation have also been adduced as 
answerable for glaucoma. Parent and Rochon-Duvigneud lay principal stress 
on sclerotic changes in the retinal vessels, from which come a h3rpersecretion and 
an oedema of the vitreous. This oedema of the vitreous may be the primary cause 
of inflammatory glaucoma, and the occlusion of the filtration angle a secondary 
symptom. Schnabel likewise considers vascular changes primarily responsible 
for the origin of glaucoma. Spastic changes cause the hypersecretion. If, for 
example, the vessels of the iris contract they secondarily cause a distention of 
the vessels of the ciliary body and so a hypersecretion. If the vascular changes 
are in the posterior part of the eyeball, in the region of Zinn*s vascular plexus, 
they cause at first a redness and opacity of the papilla, which later becomes 
excavated by the formation of cavities in the nerve tissue. Glaucoma simplex 
may be purely a disease of the optic nerve. 

Not only vascular changes in the eye, but disturbances in the general circu- 
lation of the blood have been held primarily responsible for an increased secre- 
tion of fluid within the eye by Stdzer, Terson, and Zimmermann, General 
arteriosclerosis is the primary cause, according to Bajardi, Frenkel, and Evers- 
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btuch. It may at least be seen from this brief review that the advocates of the 
secretion theories can bring forward a number of factors that deserve considera- 
tion in the study of the origin of glaucoma. The two theories have frequently 
been combined. 



C Loss of Elasticity of the Capsule of the Eyeball in the Pathogenesis 
of Glaucoma 

We have still to do justice to a third group of theories, in which the condi- 
tion of elasticity of the capsule is considered the primary cause of this disease. 
Now that we can prove, as has been done by Leber and Pilzecker, and Uribe y 
Troncoso, that the norma! eye can accommodate itself to an increase in the 
volume of its contents, that the capsule of the eye stretches considerably without 
any increase of tension, the suggestion is obvious that the sclera has lost its 
elasticity in a senile eye that is attacked by glaucoma. 

We see clinically in our operations that the influence of the sclera upon the 
condition of tension must be carefully considered. Sometimes we find that the 
iris is driven forward after the anterior chamber has been opened in a cataract 
extraction, sometimes we see the cornea sink back tike a saucer on account of the 
loss of elasticity of the sclera. The loss of elasticity of the sclera was held re- 
sponsible for the occurrence of glaucoma by Cutro, Cocciut. and Stellicag z: 
Carton. A diminution of its diameter, a thickening, or a sort of fatty degenera- 
tion of the sclera has been found frequently in glaucomatous eyes. If the normal 
sclera exerts, under normal conditions, a regulative influence, in that it counter- 
acts an increase of secretion when the arterial blood pressure is high, and at 
the same time accelerates the outflow, we may well imagine that when the sclera 
is sufficiently rigid the outflow of an engorging intraocular fluid may be pre- 
vented. Opinions differ again as to how the engorgement of blood occurs in 
individual cases. 

Many investigators, like Siravh, Nicolai, and Veniiemann, believe that it is 
not the loss of elasticity of the sclera, but of the chorioid that is accountable for 
.the rise of the intraocular tension. It is not the sclera, but the chorioid that has 
to bear the pressure of the vitreous and to disburden the venw vorticoste. If the 
chorioid loses its elasticity the pressure acts upon the veins and produces an 
engorgement in them. 

When asked for my own view I must admit that I am convinced from clinical 
observation, as are most ophthalmologists, that a universal explanation of the 
varying picture of glaucoma is not possible. In general, I think that the change 
in the capsule of the globe, which has hitherto been held in much too slight 
estimation, is the primary cause and furnishes tiic predisposition to glaucoma. 
Tlie ihange in the sclera has been so little appreciated only because it is so slightly 
prominent clinically and anatomically, yet changes, such as the loss of elasticity, 
have gradually taken place, in the course of life, which predispose to the clinic- 
ally recognizable outbreak of glaucoma. When we see that disturbances in the 
regulation of the intraocular change of fluid arc often present in eyes which 
have not this disease, even for long periods of time, without necessitating a glau- 
comatous disease of the optic nerve, it seems to me that the hypertony cannot 
be looked upon as, per se, glaucoma. Prolonged increased tension can cause 
mechanically excavation and injury of the optic nerve. Therefore, without 
underestimating the occlusion of the sinus of the anterior chamber and the in- 
crease of the intraocular excretion of fluid, I believe that, in primary glaucoma. 



I 



k 




HYDROPHTHALMOS CONGENITUS 529 

the increase of the intraocular fluid, the occlusion of the sinus of the anterior 
chamber, and the rise of the intraocular tension are secondary symptoms. The 
primary change in glaucoma and the predisposing condition for its clinical 
symptoms are to be sought, I think, in the capsule of the eyeball. If changes 
have taken place in the sclera near the sinus of the anterior chamber a condition 
is furnished which paves the way for an occlusion, in case of an increase of the 
intraocular fluid. If the change in the sclera extends to loss of elasticity of the 
lamina cribrosa it is evident that the disease of the optic nerve must be 
considered an integrant part of the disease glaucoma. If the loss of elasticity of 
the lamina cribrosa is particularly marked it can be understood how the excava- 
tion can be caused by a trifling increase of the intraocular tension. If a greatly 
increased secretion of intraocular fluid takes place from any cause whatever, the 
picture of acute inflammatory glaucoma will be produced, and it is a matter of 
importance in how far tfie sinus of the anterior chamber may be made patent, 
cither spontaneously, by meiotics, or by operation. Only when we consider glau- 
coma to be a disease per se, which is perhaps caused by a degeneration of the 
capsule of the eyeball, and consider the intraocular tension, the increased secre- 
tion of fluid, and the occlusion of the sinus of the anterior chamber to be only 
secondary symptoms, can it be understood how we can influence somewhat the 
mechanical factors of the change of fluid by our therapeutic measures, but not 
be able to cure the disease as such very often 



128. Hydrophthalmos Congenitus 

The most striking lesion in this child is an enormous enlargement of all parts 
of the eyebajl. The cornea appears to be not only abnormally curved, but also 
enlarged in all its diameters. One cornea is still transparent, but the other is 
diffusely opaque. The corneoscleral margin has become indistinct, and the entire 
sclera, so far as it can be seen, looks like thin, delicate porcelain, permitting the 
bluish appearing uvea to show through. The anterior chamber is extremely 
deep, the iris seems to be enlarged, looks dull and atrophic, and is tremulous, 
showing that the fastenings of the lens are loose, that the zonule is either 
stretched or defective. The intraocular tension is unquestionably increased. 
The nature of the disease is evident. We call it hydrophthalmos, but it is 
nothing else than a glaucoma, the glaucoma of the young eye. In true glau- 
coma, which is met with in elderly persons, the capsule of the eyeball is too 
rigid to yield to the intraocular pressure a,nd to stretch, but when a permanent 
increase of tension occurs in the eye of a child the capsule of the eyeball may 
stretch considerably. This is the condition in hydrophthalmos. I will leave it 
undecided whether the capsule of the eyeball is perfectly healthy, or whether 
changes have taken place in the cornea and sclera, as seems probable to me, 
when it has been stretched so much, but the pressure which acts outwardly to 
distend the capsule, is also exerted inwardly upon the lens. This explains why 
the lens is the only organ in the hydrophthalmic eye that is not enlarged. It 
seems, on the contrary, to be much too small in comparison with the eyeball. 
The zonule may finally be torn by the stretching, and then we find in hydroph- 
thalmos a luxation of the lens into the anterior chamber, or into the vitreous. In 
this child the lens is still in its normal place, it is still transparent, and addi- 
tional evidence that the condition in the eye is that of glaucoma can be fur- 
nished by an examination with the ophthalmoscope, which reveals a very deep, 
glaucomatous excavation of the optic nerve. The peculiar opacity of the other 
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I'orncR can iilso bo reco}{ni/cil as glaucomatous. If tlie disease advances fariher, 
i)r lasts for a long time, we meet with adhcMons between the irJ8 and the posterior 
surface of the cornea in tlie sinus of the anterior chamber. 

The nature of this peculiar disease has not yet been sufficiently investigalni, 
in spite of nil the efforts that hnve been made. In tlic majority of cases there is 
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a certain eunstitutiunal preilisposition, for the enlurgeiiienl of Die lye may br 
distinctly marked at birth, or take place during the first six niontlis of hfe. The 
lesion may be confined to one eye, but in over two thirds of the cases the disease 
is bilateral. We also find that several children in one family may be affected, 
and it cannot be accidental that hydrophtlwlmos is sometimes associated with a 
plexiform neuroma of the lids and orbit. Its occiirrenee is therefore connected 
with a degeneration of the ciliary nerves. In other respects the anatomical ex- 
aminations tlint have been made of such eyes reveal chiefly lesions which have 
been caused by the glaucoma. E. r. Htppel found, in the examinatim of the 
hydroplitlialmir eye of a child four weeks old, a large ulcer of the posterior sur- 
face of the ctirnea, which had caused the increased tension through cyclitis and 
lesions of the liganientum pectinalum. I myself found in one case that Schlemm't 
canal hH<l not been formed, and we can readily understand tliat glaucoma must 
ensue vhcH the mott important outlet for tht intraocular fluid it drt-fhped in- 
tuficicntlj/, or Hot at all, m conMetjufmrf of a cottgenilnl anomaly. 

The prognosis of this di-^ease is bad. Such eyes may be ruptured easily by 
trifling injuries, and then they become phthisical. Even without such a trau- 
matism the nature of the tlisease furnishes good reasons for the fear of n final 
amaurosis, though useful vision may he preserved for many years. The treat- 
lucnt depends on the inili' ! ; ' ! was abk once to remove the lens, whicb 

had bcvn luxated lutn ![ . r, and to save useful visiomhut uauaflj 
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we try to secure this by conservative treatment, the use of eserin and pDocarpin, 
for experience has shown that the chances of the operative treatment of hydroph- 
thatmos are not very good. When an iridectomy is pcrfonned the defective 
zonule may be easily ruptured by the escnpe of the great ((imntity of aqueous 
and the advance of"tlie lens, so as lo eaiiM' luNation of the latter, or a loss of 
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vitreous. Sclerotomy has consequently been frequently recommended, but wc 
must always consider it a stroke of good fortune if we are able to arrest the 
I disease. 



129. The Commonest Forms of Secondary Glaucoma 

It will be remembered that tlie glaucomatous conditions of the eye are divided 
into two large groups: primary and secondary glaucoma. 

Primary glaucoma is a disease per se, which develops in the eye without the 
presence of any previous disease which might cause the increase of tension. The 
increase of tension in secondary glaucoma is the result v( some other disease, find 
in the eye of this patient the increase of tension is plainly the consequence of a 
leucoma adherens. 

The glaucomatous excavation of the optic nerve can be seen with the oph- 
thalmoscope in most cases of primary glaucoma, but in very many cases of sec- 
ondary glaucoma conditions have been created by the previous diseases that pre- 
clude an accurate examination of the interior of the eye, so that we often have 
■ only three things on which we can depend for the diagnosis of secondary glau- 
na: 1. (in inrreHKc of the intraocular tension; 2, the presence of defects in 
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the field of vision ; 3, an impairment of vision which does not seem to be fully ac- 
counted for by the optic impediments. The test of the intraocular tension is the 
most important of these. 

Another general characteristic of secondary glaucoma is that it remains 
confined to the one eye in which some other disease has caused the increase of 
tension, while primary glaucoma is accustomed to attack both eyes. 

Increase of tension may be produced by, or occur in the course of, almost all 
serious diseases of the cornea, iris, lens, retina and chorioid. This is an im- 
portant fact for both the general practitioner and the ophthalmologist. Cher 
and over again I have tried to impress the fact that we must instinctively remem- 
ber to test the intraocular tension in every serious disease of the eyeball. It is 
done in a moment and is worth the little trouble. It is our duty to obviate in- 
crease of tension whenever possible. If it is not done, or proves to be impossible, 
the secondary glaucoma goes on to blindness, the same as primary glaucoma, 
through excavation of the ner\'e and with the well known pain. 

Although secondary glaucoma may follow almost all serious diseases of the 
eye, yet there are certain ones which exhibit an unmistakable tendency to this 
complication, while in others it is of rare occurrence. 

Scars of the cornea that have become ectatic are to be taken primarily into 
account. Corneal cicatrices have scarcelv anv tendencv to excite an increase of 
tension as long as they are flat, but as soon as one becomes ectatic, or is found 
to be so, we must apprehend secondary glaucoma. We meet with such ectatic 
cicatrices both with and without involvement of the iris. Even scars which be- 
come ectatic, when the cornea was not perforated and the iris is not involved, 
may excite increase of tension, but the latter is more frequently occasioned by 
corneal ectasia* in which the iris takes part. Such is the case in this patient. 
The cur\*ature of the cornea is irregular, because of an ectatic leucoma to which 
a portion of the iris is adherent. The anterior chamber in the vicinity of the 
adherent cicatrix is shallow, the iris is much distorted and atrophic from stretch- 
ing, the tension is considerably plus. 

The increase of tension in such a case can be understood. The conditions in 
the anterior chamber are no longer normal, the tension upon the iris extends to 
the ciliarv bodv, the irritation of which leads to an increased secretion of the in- 
traocular fluid, while the possibility of drainage is lessened. ' We perform iridec- 
tomy in leucoma adhierens with increased tension, and frequently we have to per- 
form the operation in such a way that it will serve at the same time for optical 
purposes. 

When other complications are present with a leucoma adherens, such as a dis- 
located or swollen and wounded lens, the tension is more likely to become in- 
creased. 

The harder and nK)re unyielding the sclera* for example in old age, the less 
can the eye accommodate itself to the changed condition of tension and the sooner 
does the glauconm ap^KHin but a vicious circle is started by an ectasia of the 
cornea, even in young eyes. If the tension is increased as the result of occlusicm 
of the sinus of the anterior chamber and irritation of the iris, the anterior seg- 
ment of the globe yields more and nH)re, the groove between the cornea and the 
>clora becomes obliterated, tlie eyeball acquires the form of an egg, the neigh- 
Ikiring sckra appears bluish, and a sort of hydrophthahnos develops. 

In cases in which the entire margin of the pupil becomes aAierent to the 
cornea and a large staphyloma is developied after perforation of an ulcer, aec- 
ondary increase of tension is produced din?ctly. 

Seclusio pupillr is the first in rank among the diseases of the iris tiiat lead 
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to secondary glaucoma. In our next patient we find a circular agglutination ot 
the margin of the pupil with the lenticular capsule, the result of several re- 
currences of plastic iritis. This is seclusio pupilla*. The middle portion of the 
iris is driven forward by the aqueous confined behind it, so as to form a crater 
pupil; tlie anterior chamber is shallow, the bulging iris almost touches the 
cornea ; the increase of tension is distinct. 

The origin of the secondary glaucoma in this disease is plain; the intra- 
ocular fluid, as it is secreted, can no longer pass through the pupil into the 
anterior chamber, but must accumulate behind the iris. This accumulation of 
fluid in turn causes further engorgement in the ciliary body and so an increased 
transudation into the vitreous. It may also be that the dragging on the nerves 
by the stretching of the iris contributes to maintain an increased secretion. 

We may aid our patient by an immediate iridectomy, which is a most suc- 
cessful operation in chronic iritis and exclusion of the pupil. There is only one 
exception, which must not be forgotten. We occasionally meet with a stage of 
secondary glaucoma in sympathetic iridocyclitis when there is a total posterior 
synechia. We dare not perform an iridectomy in such a case, until the inflam- 
matory symptoms have completely disappeared, for two reasons: first, the colo- 
boma may be reclosed by a fresh exudate; second, a hypotony with subsequent 
detachment of the retina may easily be induced in such an eye. 

Secondary increase of tension from isolated posterior synechias are much 
more rare, but such cases have been reported. 

It frequently happens during the course of a serous iritis that the tension 
becomes elevated very much, as is exemplified by this patient, who is under 
treatment for that disease. Numerous deposits arc to be seen on DescemeVs mem- 
brane, the pupil is very widely dilated, there are no posterior synechise, the 
anterior chamber is rather deep, and the tension is distinctly increased. I prefer 
to perform a paracentesis of the anterior chamber in such cases, but it is also 
necessary to stop the atropin, which is ordinarily our main reliance in iritiq, and 
to substitute eserin for a time. Cases have been reported in which grave sec- 
ondary glaucoma followed a recurrence of a serous iritis. This disease has been 
named iritis glaucomatosa. 

Certain diseases of the lens, particularly traumatic cataract and luxations, 
are apt to cause secondary glaucoma. Traumatic cataract has already been 
discussed, but I present this case because it exhibits distinctly the onset of sec- 
ondary increase of tension. It is remarkable how apt the lens substance is to 
exert a bad influence on the tension of the eye by its swelling. The glau- 
comatous condition depends primarily on the rapidity of the swelling, which is 
not always proportionate to the size of the wound in the capsule. Every 
clinician knows that such lenticular substance is borne much better by one eye 
than by another, and that the rapidity with which it is resorbed varies greatly. 
It must also be taken into account in traumatic cataract whether the sinus of 
the anterior chamber is occluded or not, and whether the iris is pressed against 
the cornea. The iris itself reacts very differently in different eyes to the swollen 
lens substance ; sometimes no synechias are formed ; at other times agglutinations 
of the iris with the remains of the capsule and lens form very easily, even when 
the condition is perfectly aseptic. 

An eye with traumatic cataract complicated by secondary glaucoma must 
be watched very carefully. If the tension rises, or the pain increases, we relieve 
the eye by evacuation of the swollen lenticular masses through an opening into 
the anterior chamber. 

A case of subluxation of the lens presents an uneven depth of the anterior 
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chamber, a tremulous condition of the iris, and visibility of the margin of the 
lens. Test of the tension reveals a distinct increase. Dislocations of the lens 
are often associated with increase of tension. We meet with this form of sec- 
ondary glaucoma in both congenital and acquired dislocation, and we can say 
that a very large portion of the eyes that suffer from luxation of the lens finally 
undergo glaucomatous degeneration. 

Numerous anatomical examinations have proved that sometimes the sinus 
of the anterior chamber is open in these cases, sometimes is occluded, and there- 
fore we have to consider that both the occlusion of the outlet from the eye, and 
an increase of secretion caused by the irritation of the ciliary body can excite 
the increase of tension in secondary glaucoma from luxation of the lens. 

The increases of tension occasionally met with after operations for cataract 
and secondary cataract belong among the secondary glaucomas produced by 
diseases of the lens. These we have already discussed. 

The onset of secondary increase of tension is a symptom which occurs as a 
rule in the course of the development of intraocular tumors. I need only refer 
to those cases of detachment of the retina in which the diagnosis of a growing 
timior was rendered possible by the increase of tension. All kinds of tumors may 
give rise to increased tension; sarcoma of the chorioid, tuberculosis, gumma, 
glioma, and the rarer tumors of the iris. The symptoms are those of glaucoma; 
engorgement of the episcleral veins, dilated pupil, cloudiness of the cornea, 
shallowness of the anterior chamber, and ciliary neurosis. It is important to 
know that secondary glaucoma may develop very gradually with failure of the 
vision, and also quite suddenly with the symptoms of acute glaucoma. A nar- 
rowing, or an obstruction of the filtration angle is found anatomically in most 
of these cases. 

130. Rare Forms of Secondary Glaucoma 

We distinguish for reasons of expediency between the common and the rare 
forms of secondary glaucoma. The physician has to deal with the common 
forms, as a rule, but for the sake of completeness I will utilize this patient as a 
text from which to speak of a few of the rarer ones. 

A fairly large number of retinal hemorrhages can be seen in the fundus 
by means of the ophthalmoscope. They are situated for the most part about 
the posterior pole and, by preference, at the places where the vessels divide, are 
irregular in form, some are striated, and they vary a good deal in extent. The 
ophthalmoscopic picture was more distinct a few days ago, now the intraocular 
tension is increased. This is what we call glaucoma hflemorrhagicum, by which 
we understand a secondary glaucoma that developed sooner or later after the 
appearance of the retinal hemorrhages. Usually only one eye is affected, though 
cases have been reported in which the disease was present in both. Contraction 
of the visual field and excavation of the papilla do not appear until late in the 
course of the disease. 

Our patient complains of moderate pain, but sometimes the symptoms are 
those of an acute attack; rarely the picture of glaucoma simplex prevails to 
the end. Most of the patients are elderly and show signs of an extensive arterio- 
sclerosis. How the increased tension is brought about in these cases we do not 
know. We are confined therapeutically to the treatment of the arteriosclerosis 
and the instillation of meiotics. The hemorrhagic variety forms between 1 and 
2% of all cases of glaucoma. 

Another rare form of secondary glaucoma is met with occasionally in elderly 
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myopes who have large posterior ectasias of the sclera associated with grave 
atrophic conditions of the chorioid. The excavation is remarkably less steep and 
less deep than is usual in other forms. The explanation given by Graefe for 
this is that the thinned sclera gives way before the intraocular pressure in high 
myopia, so that there is only a little difference in the level between the papilla 
and the surrounding sclera. Physiological excavations spread in such cases, and 
any cup that extends to the margin may be suspected of being caused by pres- 
sure. This form has been named by Hirschberg myopic glaucoma. The dis- 
ease may run its course as glaucoma simplex, or as chronic inflammatory glau- 
coma with intermittent attacks. The treatment is as usual, meiotics and per- 
haps iridectomy. 

Rarely glaucoma is met with in other diseases, in which we are, as a rule, un- 
able to say whether there is an etiological connection between them, or whether 
the association is accidental. An attack of increased tension has been observed 
in several cases of retinitis pigmentosa. Although the intraocular tension 
usually falls after a detachment of the retina has lasted a long time, yet cases 
are met with in which severe glaucomatous symptoms develop after such a de- 
tachment. I am not speaking of the retinal detachments caused by tumors, 
which are very often associated with an increased tension as the tumor grows. 
Glaucoma has also been observed in atrophy of the optic nerve of cerebral origin. 
Wheb in such a case a deep pressure excavation is already present the diagnosis 
can be made only by comparison with the other eye, in which the papilla may 
be atrophic without excavation. Increased tension has also been observed with 
choked disc and retinitis albuminurica. 

Finally it may be mentioned that increased tension is sometimes met with in a 
number of congenital anomalies, such as coloboma of the iris, total irideremia, 
microphthalmos and coloboma of the optic nerve. Commencing opacities of the 
lens, enlargement of the ciliary processes, and rudimentary conditions of 
Schlemm*s canal have led to the increase of tension in such cases. 

131. Differential Diagnosis of Glaucomatous Excavation of the 

Optic Nerve 

• 

We have occasion to deal with three kinds of excavation of the optic nerve, 
which may be seen with the ophthalmoscope, the physiological, the atrophic, and 
the glaucomatous. The timely recognition of the last is the most important, for 
if a physician docs not diagnose a genuine atrophy of the optic nerve as early 
as he should, the result is not so tragic therapeutically, because we are unable 
to arrest this degeneration, but, if we fail to recognize a glaucomatous excava- 
tion, or diagnose it too late, we have ourselves to reproach, because a thera- 
peutic intervention was our acknowledged duty. It is well that we should con- 
sider its differential diagnosis, for sometimes it is not easy to recognize. 

At first, when its development begins, there is no suspicious cupping of the 
head of the optic nerve. . The papilla may still be of its normal color, or it may 
be somewhat redder than usual with a general indistinctness, and hemorrhages 
may be found upon it. 

Congenital excavations are met with which are so deep and have such steep 
margins that they may be mistaken for glaucomatous excavations, but such 
cases are so rare as to be of interest only to the ophthalmologist. The differentia- 
tion is made by prolonged observation and by testing the vision. Exception- 
ally also we meet with a steep excavation in a genuine optic atrophy. The 
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physician must bear in mind two different things in the differential diagnosis of 
the glaucomatous excavation, the fundamental differences between the three 
forms, and the way in which a glaucomatous excavation begins. 

In our first patient, who has a physiological excavation, there is an UBumially 
broad cup in the middle of the papilla, at the exit of the vessels, but it does not 
extend to the margin. This can be determined best from the behavior of the 
vessels. If these are traced backward, from the retina to the papilla, instead of 
from the papilla to the retina in the ordinary way, it will be perceived that they 
pass for a distance over the surface of the papilla before they bend down into 
the excavation. The consideration of the nasal side is of particular importMice, 
where thick bundles of nerve fibres course over the margin. On the temporal 
side the cup extends nearly to the margin of the papilla, but if we observe dbsely 
the little vessels we will be unable to find a sharp bending of their courses, even 
if the physiological excavation reaches the margin at this point. The deepest 
part of a physiological excavation may appear to be pale, or even white, but 
the marginal portions retain their normal color. 

If we now examine this patient, who has a glaucomatous excavation, we find 
that the cup extends to the margin of the papilla, that the tissue of the entire 
papilla is atrophic, and that the vessels bend sharply over the margin. The 
papilla is pale, of a greenish white, and nowhere presents a reddish ocdor. The 
yellowish reddish halo glaucomatosus must not be mistaken for a part of the 
papilla, for if this mistake should be made the vessels would seem to run for a 
distance over the broadened tissue of the papilla before they bend sharply. 

Difficulties multiply when the entire papilla is not excavated, as in this case, 
but a reddish crescent still exists on one side. Here we must observe closely 
whether a sharp bending of the vessels is present, we must test the tension and 
investigate the visual field. A physiological excavation also is usually bilateral. 

Now let us examine this third case, one of genuine atrophy with an atrophic 
excavation, a marked condition of which is not as common as might be expected. 
In atrophy the nerve fibres disappear from the papilla while the lamina cribrosa 
retains its normal position, tlierefore the excavation is usually superficial and 
shallow, and the vessels slope gradually downward. It differs from the physi- 
ological excavation in that it extends to the margin of the nerve, like the glau- 
comatous cup, and in its loss of color. To differentiate glaucoma and atrophy 
ophthalmoscopically we look for the sharp Jbending of the vessels, and for the 
broad, yellowish halo glaucomatosus in glaucoma, while in atrophy the ifhibe 
scleral ring is rendered distinct. We also look for pulsation and the other signs 
of glaucoma. 

The diagnosis of a commencing glaucomatous excavation is much more diffi- 
cult than would appear from the study of these three cases. The excavation 
begins at the entrance of the vessels and in the temporal side of the papilla after 
the period in which the latter appears to be reddened and indistinct. The 
sharp bending of the vessels may appear first at the upper and lower margins 
of the papilla, but in the majority of cases the temporal margin is the first to 
be reached by the excavation. 



132. Intermittent Ophthalmomalacia 

This gentleman complains that, at irregular intervals, his eye becomes very 
sensitive to light and slightly painful. When he consulted me first the most 
marked symptom was a considerable softness of his left eye, which was so marked 
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that the cornea appeared to be slightly wrinkled and the intraocular tension was 
estimated at — 3. Otherwise the eye was and is just as normal as the right. No 
signs are present of an intraocular inflammation. Now he is suiFering from 
another attack ; the softness of his left eye is not as extreme as it was on the 
former occasion, but it is very marked and easily to be felt. The condition is 
therefore one in which the intraocular tension of an otherwise perfectly healthy 
eye sinks periodically and remains subnormal for a considerable time. We des- 
ignate this condition as intermittent ophthalmomalacia. It must be understood 
when such a diagnosis is made that all causes, that are demonstrable anatomic- 
ally and clinically, which may produce reduction of the tension are 
absent. We meet in practice with such a reduction of the intraocular tension 
most commonly in phthisis bulbi, the outcome of serious injuries, or of intra- 
ocular inflammations, such as iridocyclitis and panophthalmitis. We also meet 
with a temporary hypotony in the course of various diseases of the eye, such as 
detachment of the retina and iritis, and frequently after a discission of a second- 
ary cataract. None of these conditions are present in this case; the left eye 
otherwise is perfectly healthy, and yet we find in it changes which at least indi- 
cate the genesis of the reduction of tension. When the attack occurs the left 
eye presents a slight degree of blepharoptosis, a contraction of the pupil, and a 
slight degree of exophthalmos, symptoms that point to a paresis of the sympa- 
thetic nerve. The cause of the paresis of the sympathetic in this man is a swell- 
ing in the left infraclavicular region, known as a goitre, which evidently becomes 
swollen from time to time so as to press upon the sympathetic. When the swell- 
ing subsides the symptoms of this paresis disappear and the tension of the 
eye becomes normal once more. We have therefore to conclude that the sym- 
pathetic nerve plays an important part in the etiology of intermittent oph- 
thalmomalacia. We learned, while speaking of glaucoma, that this nerve is 
of great importance to the intraocular tension, and yet there are cases of par- 
esis of the sympathetic in which the softness of the eyeball is not perceptible. 
Therapeutically we may content ourselves with galvanization of the cervical 
sympathetic, if the goitre does not eventually render an operation necessary. 

Aside from intermittent ophthalmomalacia there are cases that run a more 
chronic course, in which we frequently meet with other symptoms of an aflFcction 
of the sympathetic; the eye may become considerably smaller and circulatory 
anomalies may appear in the affected side of the face. Finally, very rare cases 
of an apparently primary softening of the eyeball are met with, in which there 
are no demonstrable signs of trouble with this nerve. The pathogenesis of 
these cases has not yet been sufficiently investigated. I will take this oppor- 
tunity to mention again that a high degree of hypotony may be observed in coma 
diabeticum. 



XII 
Muscular or Concomitant Strabismus 



133. Why Do Most Men Not Have Strabismus? 
Buiocular Sinfirle THsion and the Involuntary Efifort of Fusion 

A mother has brought her child to us because he is crosseyed ; one eje turns 
inward. When I tell the child to look at this pencil it is quite plain that one 
eye looks at the object, while the visual line of the other is directed more toward 
the nose. The condition in which the visual lines of the two eyes do not intersect 
at the point of fixation is called strabismus. The mother naturally wishes to 
have this cosmetic disfigurement of her child's eye remedied. What should be 
done and advised in such a case.^ 

In former times the treatment seemed to be fairly simple, to correct the 
position of the strabismic eye by operative measures, but, although the results 
were apparently satisfactory in many cases, yet the lame messaiger followed 
after a while and we see now the less happy consequences of these hasty, and 
often improper, operations. At the present time an operation is the last resort, 
after every other possible method to improve the condition has failed, and our 
first study must be to determine the cause of the strabismus, in order to under- 
stand these other methods. 

With the advance of our knowledge in regard to this subject it has been 
shown that scarcely one case of strabismus is like another, that the condition is 
not one simply of a faulty position of one eye, but that it is rather the external 
symptom of quite a number of various disturbances. A knowledge of the eti- 
ology determines what the proper treatment s&)uld be, but we shall haTe to go 
quite a way in order to answer the question, what has caused the strabismus in 
this child. 

We must first learn whv strabismus is not common to aU men. The 
}Hv:ition of the two eyes is not ideal in man« but« on the contrary, adequate 
conditions are prv^sent to pnxluce strabismus in everyone. 

Try this experiment: Pre<^ a finger against the outer side of the eye; the 
entire visual field is immediately displaced and partial diplopia appears, because 
the equilibrium of the eyes has been disturbed. A slight merhanical displace- 
ment of one eye with reference to the position of the other suffices to interfere 
mith tlw coopcmtion of tin* two and to cause strabismus. These are the 
conditions we shall deal with in spontaneous i^reses of the ocular muscles. 
When there is a pathological lesion of the oculomotor apparatus stiabismas 
must .appear at the time the eye should be moved by the action of the paretic 
muscle. Certain irregularities ako appear in aknoet aD men, under nonnal 
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physiological conditions, in the mechanical, anatomical forces that determine 
the position and movements of the eyes. 

When we regard the features from the standpoint of the physician, 
certain asymmetries of the two sides of the human face can be detected, even 
in classic beauty. These asymmetries are met with particularly in the position 
of the individual eyes in the orbits, and the orbits differ in regard to their form, 
size and so called angle of opening. The eyes of individual men differ much in 
the form and size of the eyeball, as well as in its position in the orbit. This 
difference contributes greatly to the characteristics of the individual physi- 
ognomy. 

Other important, though invisible, irregularities in the anatomical mechan- 
ical forces have to be taken into account. The cushion of fat differs in develop- 
ment, the muscles of the eyes differ in size, tendons and insertions, the fascias 
vary in development. In short, the position of rest of our eyes can scarcely be 
called ideal. 

In the ideal position, which we term orthophoria, the visual lines of the two 
eyes are parallel, directed straight forward, and the vertical meridians are 
parallel. When we consider the origin of strabismus, our attention naturally 
turns first to this normal equilibrium of the eyes. If we wish to understand how 
and why the normal position of the eyes becomes disturbed, we must first learn 
the nature of the normal position. I wish to emphasize again that we can speak 
of orthophoria only when the eyes are directed straight forward by the mechan- 
ical, anatomical appliances in the orbit, and when the vertical meridian of the 
retina is upright. 

Hanging on the wall is the so called tangent scale of Maddox^ with a little 
electric light in its centre. 

When we look at this light from a distance of several metres a retinal image 
is formed in each eye, but we see only one object with the two eyes, because the 
impressions transmitted from the two are blended in the brain so that we are con- 
scious of only a single image. We can, however, easily change the form of the 
image in one eye so that it cannot be blended with the other, and thus produce 
double vision. We may do this by looking through a Maddox rod, which con- 
sists of a number of red glass rods placed close together in a metal frame. Each 
glass rod acts as a strong cylindric lens, which deflects the rays of light vertically 
to its axis, so that when we look through it the light seems to be drawn out into 
a long, narrow band. If we hold a Maddox rod horizontally before one eye and 
look at the light with both eyes, the light appears natural to the uncovered eye, 
while to the other it appears to be a long, red, vertical band. Thus we have 
obtained a double image, which we utilize in the test for orthophoria. 

If the two eyes are in muscular equilibrium the red band passes exactly 
through the light seen by the other eye, but if there is a disturbance of the motor 
balance the band passes to the right or the left of the light. If we now place 
the Maddox rod vertically before the eye, the band will be horizontal and must 
pass through the centre of the light seen by the other eye if the equilibrium is 
normal. An imperfect motor balance found in this way is called heterophoria. 
The determination of the condition of equilibrium by the method of Maddox is 
based upon the suppression of the act of binocular single vision by an artificial 
alteration of the image seen by one eye. Various methods are employed to 
ascertain the condition of equilibrium of the eyes, but the tangent scale of 
Maddox is the easiest to use clinically. 

We shall shortly come to the explanation why the tendency of the eyes to 
deviate from each other in their visual lines is first disclosed by this experiment^ 
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und why many people never become conscious of any disturbance in their musde 
balance. Greater or less deviations from the ideal position of orthophoria are 
extremely common, they are present in most men. We must stilJ take into 
account the fact that we have tested the muscle balance under only a single con- 
dition, therefore we can simply say that the two eyes are not situated ideally in 
their orbits, and that it would be expected from such a condition that most men 
would have more or less strabismus. 

Why is it then that most men do not squint, in spite of these manifold differ- 
ences in the mechanical factors that enter into the position of the eyes? Hie 
answer is: Because the position of our eyes with reference to each other is not 
determined wholly by the anatomical, mechanical factors that have been men- 
tioned, but is regulated chiefly by the nervous influence exerted over the 
oculomotor apparatus, concerning which we have now to study. 

The factors that influence the position of the eyes by way of the nerves are: 
1, our will; 2, the tonicity of the ocular muscles; 3, the effort of fusion; 4?, the 
association of accommodation and convergence. We do not need to analyze the 
first two factors, but the effort of fusion we must study more thoroughly. 

Binocular Single Vision 

I need not say that a man with two normal eyes sees surrounding objects 
singly, although both eyes receive the same impressions, but, self evident as this 
fact appears, the laws of binocular single vision arc quite complicated. One of 
the many services rendered by the highly gifted Ewald Hering was the very 
exact investigation of these laws, from which we must content ourselves by 
selecting those that are of the most importance clinically. When we look into the 
distance with parallel visual lines all objects fixed upon at a distance of six metres 
or more are delineated on symmetrically situated places in the retinae. The fixa- 
tion point falls directly on the fovea of each eye and every other point falls on 
places in the retina that hold the same relative position to the centre. If we 
were to lay these retina* one upon the other these places would cover each other, 
or coincide, so they are called identical points, or corresponding places. 

The most important law of binocular vision tells us that the same kind of 
stimulation of both fovea* and of any other two corresponding places which 
occupy the same relative position to the centre of the retina, always results in 
a single sensation of sight. Objects which stimulate equally places in the retina 
that correspond, in this sense of the word, are seen singly by the two eyes. We 
call this phononunon the sensory correspondence of the retina*. 

We will now note that untJer the influence of this sensor}* correspondence 
of the retinas when any object attracts our attention we direct our eyes 
toward it in such a way that it is delineated on our two fovea*, tlie places 
of shariK\st vision. The movements are with each other when two corre- 
smmding places on the retina* are stimulatwl and the visual lines simply have 
to change their direction, or against each other ^hen the visual lines must 
Ik* focusseil for a greater or less distance in order to fix a disparately projected 
object. Another fact of importance is that the two eyes move in the correspond- 
ing manner even when one is excluded from the act of vision. If I fix upon this 
pencil and cover my right eye it remains directed toward the object, even though 

it is hidden. . ^ i. 

Tlie reason of this phenomenon is that the motor innervation of the two eyes 
is always uniform under normal conditions. According to Herimg we may con- 
sider the two retina* as parts of a centralized double organ, and certainly when 
two corresponding places on the retime are stinuilate<l by one and the same 
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object a single sensation is always produced. When two corresponding places 
are stimulated dissimilarly the different sensations appear in one and the same 
line of Tision, and all objects that delineate themselves on corresponding places 
in the retina appear to be at the same distance as the fixation point. 

On the other hand, stimulations of not corresponding, or disparate, places 
on the retinae produce double images of the object in question.^ This is shown by 
an old experiment : If a pencil is held in the median line and the eyes are fixed 
upon it it is seen singly; interpose the forefinger of one hand in the meridian 
line between the eyes and the pencil, upon which the former continue to be fixed, 
and the fmger will appear to be doubled ; if the right eye is closed the left image 
of the finger will disappear, if the left eye is closed the right image will disap- 
pear, showing that the finger is seen in crossed diplopia. If we now fix upon 
the finger the pencil appears to be double, and when the right eye i^ closed the 
right image disappears, showing it to be seen in homonymous diplopia. We 
learn from this experiment that all points nearer the retina than the point of 
fixation create retinal images with crossed diplopia, and that the inmges of all 
that lie beyond that point give homonymous diplopia. This is because most 
objects are delineated on disparate places on the retina during vision with con- 
verging visual lines. 

We differentiate between a horizontal and a vertical disparation of the retinal 
images; in the former the deviation from the position of correspondence is 
horizontal, in the latter it is vertical. 

There are several causes why we do not notice these double images ordinarily 
when looking at near objects, under normal conditions. In the first place, the 
images of objects produced on the periphery of the retina are much more in- 
distinct than those on the central portion, as may be demonstrated by looking 
straight ahead and moving a finger about in the periphery of the field. These 
images do not make as strong an impression on our consciousness as those on the 
fovea. We do not notice the things pictured on disparate places in the retina; 
because our attention is directed wholly to the fixation point. In addition to 
this, even images which lie on corresponding places in the retinae by no means 
always appear simultaneously in the proper line of direction* The images con- 
flict with each other, so that we have what is known as the antagonism of the 
visual fields. One or the other image may appear alternately in the line of 
direction appertaining to the identical points. Finally, it has been proved that, 
within certain limits, objects may be seen with binocular single vision that lie 
on disparate places in the retime, but such objects appear to be nearer, or 
farther away than the point of fixation. 

A physiological phenomenon, however, claims our chief interest at this time. 
We do not notice the double images because at the instant when our attention 
is directed to a disparately delineated object our eyes immediately and quite 
automatically execute such a movement as will bring the image upon the centre 
of the retina. To illustrate: If I hold a prism with its base out in front of 
my left eye and look at a light I see two lights for a moment, i.e., I have crossed 
diplopia, because the prism deviates the rays toward its base so that they fall 
no longer on the fovea, but on the retina at its temporal side. The diplopia lasts 
but a moment, because the left eye involuntarily turns inward, makes a move- 
ment of fusion, until the image falls once more on the fovea. The movements 
of the eyes that displace the retinal images from disparate to corresponding 
places are called fusion movements. These movements are in great part inde- 
pendent of our will and we call the power that produces them the involuntary 
effort of fusion. 
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The most important of these fusion movements are those by which the con- 
vergence is increased or diminished. Fusion movements can take place only 
when binocular vision is present ; the involuntary effort of fusion acts only when 
there is not too great a difference in the perception of the images of an object 
received on two disparate places in the retime. 

As soon as binocular vision ceases, or is impaired, as soon as the vision has 
sunk below a certain minimum, the involuntary effort of fusion is destroyed and, 
when a predisposition exists in consequence of anatomical incongruences, such 
an eye can assume the abnormal position of equilibrium given it by Nature, in 
other words, can take a position of strabismus. We very often see a strabismus 
develop in this way after the vision of one eye has been greatly impaired; ft 
happens very easily because the involuntary effort of fusion is no longer in 
control, and very often because the mechanical, anatomical inequalities of balance 
are so common. When, however, binocular vision is intact and the power of 
fusion is present, a dominating force rules over the movements of the eyes, firmly 
overcomes the mechanical, anatomical anomalies of position, and so protects most 
men from strabismus. 

Various methods are employed to test for binocular single vision, the im- 
portance of which will become evident. One of the most important and beauti- 
ful is Hering*s test with falling bodies. Take a tube of black pasteboard with 
a cap at one end over which is stretched a fine thread having a small, black ball 
fastened in its middle ; hold the tube before the eyes, look through it at the baD, 
and let little peas be dropped, some in front of, some behind the thread. A 
person who has two normal eyes can tell instantly on which side of the thread 
the peas fall, but if he closes one eye, so as to do away with binocular single 
vision, he will make many mistakes. 

Another experiment is Hering^s rod test. We take two little metal rods 
that differ in thickness; with both eyes open we can tell at once which is the 
nearer and which is the more distant, but when we use only one eye it is astonish- 
ing how greatly the perception of depth is impaired. 

We have somewhat lost sight of our csise of strabismus, and yet we have in- 
directly approached its cause, for we have seen that, of the four factors that in- 
fluence the position of the eyes by way of the ner\'es, the binocular act of vision, 
the contact of the sensory with the motor apparatus, with the associated in- 
voluntary effort of fusion, is the most important. The question immediately 
arises: If this arrangement protects most men from strabismus, what is the 
condition in those who squint.^ Before we answer this question we must con- 
sider the second factor that enters into this problem, the connection between 
convergence and accommodation. The mastery of the experiments for testing 
the position of equilibrium, the faculty of binocular vision and that of the 
power of fusion forms the primary basis for the understanding of stralHsmus. 



134. Why Most Men Do Not Have Strabismus 

Connection between Accommodation and Convergence and the RdaftiTe 

Amplitude of Each 

We have seen what an important factor binocular single vision is in the 
prevention of strabismus. We have seen that fusion movemoits constantly 
correct the anomalies in the position of the eyes caused by mechanical, ana- 
tomical factors and so protect most men, but we must study more closely the 
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more important of these fusion movements, particularly those that take part 
in the development of strabismus. The increase and decrease of convergence 
and its association with accommodation form the second most important of 
the factors that regulate the position of the eyes by way of the nerves, and 
a knowledge of this factor is essential if we would understand why most men 
do not have strabismus. 

When we speak of and study the movements of the eyes it must be under- 
stood that we are dealing with rotations about a point on the optic axis approxi- 
mately 14 mm behind the surface of the cornea; the point of rotation therefore 
lies rather nearer the posterior than the anterior pole of the eye. 

The primary position, from which the more important rotations of the 
eye take place, is that in which a point is fixed at infinite distance in a line 
of direction vertical to the frontal plane of the head. The visual lines nor- 
mally are parallel in the primary position. Our eyes make both parallel, or 
associated, movements in the same direction, and symmetrical movements in 
opposite directions from this primary position. We look up, down, to the 
side, and in the oblique meridians. These are parallel or associated move- 
ments, but the movement that interests us in strabismus is the symmetrical 
movement of convergence. This we will now analyze, beginning with a pair 
of normal, emmetropic eyes. 

We understand by the movement of convergence the power to direct both 
eyes at the same time toward one point. If we look first into the infinite dis- 
tance, so that our visual lines are parallel, and then fix upon an object in 
the median line, both of our eyes make such a movement as will enable their 
visual lines to intersect at the point of fixation. We can perform this move- 
ment of convergence and binocular fixation only when we at the same time 
focus our eyes upon the point by means of a corresponding accommodation. 
There is, therefore, a definite connection between convergence and accommo- 
dation, a matter of very great importance in the etiology of strabismus, and 
we must try first to measure this connection. 

The visual lines are parallel in their primary position, and when we move 
our eyes to fix on a point in the median line the visual lines form an angle 
with these parallels at the eye. This we call the angle of convergence. It 
furnishes us a measure for the movements of convergence performed by each 
eye. It is evident that the nearer the object in the median line is to the eyes 
the greater is the angle of convergence. The convergence in such a case is 
real, or positive, and the angle of convergence is inversely proportional to the 
distance to the object. When the visual lines return from the object of fixa- 
tion to a parallel position, i.e., when we look again into infinite space, the 
angle of convergence becomes zero. 

Nagel suggested the conception of the metre angle as the unit of con- 
vergence. When we fix on a point in the median line one metre in front of 
the eyes our visual lines have a convergence of one metre angle. If we fix 
on a point one fourth of a metre distant we have a convergence of four metre 
angles. One advantage of this designation is that by it we are enabled to 
recognize still better the connection between convergence and accommodation 
that has been mentioned. An emmetropic eye, which is adapted to infinite 
distance when at rest, must accommodate 1 dioptre in order to fix on an 
object one metre distant, or 4 dioptres to fix on an object at twenty five centi- 
metres ; hence, in such a case, an accommodation of 4 dioptres is associated with 
a convergence of 4 metre angles. These 4 metre angles do not represent the 
totality of convergence, for most persons can fix with both eyes points that 
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are nmcli iieiirer, Tlie totality of the convergence of a pair of ejes is collul 
the amplitude of convergence. To measure Hiis we must proceed in a way 
unaiogous to tlmt in wliich wc measure amplitude of the accomuiodiition. 

We have to know the far point and the near point of the cje in order to 
juiccrtnin the uniplitiiilu of the itcconimodation. In tlie sumo wtiy, in order to 
determine the amplitude of eonvergence, we must first find the point closeitt 
to the eye ot which binocular single vision is possible, which gives us the maxi- 
mum (»f convergence. Then we have to nacertnin the most ilistflnt point ut 
wliich binocular single vision can lie maintained, which gives us the miniumm 
(if convergence. Ju.st as the difference between the punctum rcniotum and tlie 
punctuni proxinium, expressed in dioptres, gives the amplitude of accommodii- 
tion, so the difference between the maximum and minin)uni, expressed in angles 
of convergence, gives the imiplilude of convergence of the two eyes. The 
furnmlu for the determination of the amplitude of convergence is therefore siuii- 
lar to that used for the determination of the amplitude of the acconunudation. 
.t=^p — r, except tliat we express the value of p and r in metre angles. The 
amplitude of convergence may vary greatly when the muscle balance is impaired, 
but we are now considering a normal pair of eyes. It has been proved Ihat 
a normal pair has binocular single vision not only when looking at near ohjecls. 
but also when looking into infinity, that is when the visual lines are either 
convergent or parallel. More or less divergence may also he associated with 
binocular fixation. The minimum of convergence is then negative, the far point 
is no longer in fi'ont of, but behind the eye, because the visual lines are divergent 
and intersect behind the eyes. 

How can the amplitude of convergence be detennined in practice? We find 
the maxinnmi of convergence when we ascertain the nearest point 'it which 
the patient can fix with binocular single vision. We use for thi'- purpose 
Ltindolt's ophthalmodynamometer, which consists of a simple tin lut>e. 
black outside, white inside, with a vertical, very narrow slit in its widl, which 
is placed over a burning light. The brilliant line of light stands out sharply 
from the dark background. A tape measure, divided into centimetres on one 
fide, into metre angles en the other, is fastened to the Itottom of tfie im-iruinent. 
To determine the angle of convergence all that is necessary is lo bring the 
instrument in the median line closer and closer to the eyes, which are fixed on 
the brilliant line of light, while the tape measure is held beside the temple of the 
patient. Finally a point is reached at which the line lappears double in spile of 
all efforts to avoid it, and the images are crossed. The near point of the con- 
vergence, its maximum, is reached at this instant. We find the maxhnum of the 
positive convergence in this stmlent to be 10 metre angles, i.e., he can fix with 
binondar single vision on an object until it is only 10 cm distant. 

To determine the negative convergence, i.e., to ascertain how much the eyes 
can diverge without diplopia, we use an abducting prism. When a prism is 
held with its base inward before each eye the parallel rays of light are deflected 
luward their bases and strike the retina- to the inner side of the macular, so in 
order to bring the rays upon the fovec the eyes must correspondingly diverge. 
If the strength of these prisms is gradually increased we finally come to those 
that can no longer be overcome by the strongest effort. Binocular single vision 
is then abolislied and diplopia is present. The strongest abducting prism that 
ran be overcome in this manner indicates the maximum of the [jower of diver- 
gence of the eyes, the negative convergence. The point to which these strongcit 
prisms deviate the rays is the negative far point of convergence; it lies, w I 
nave said, behind the eyes. It would be very troublesome In practice to constantly 
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change prisnis of -twi^'ing strength before both eyes, so we simply hold a prism 
in front of one eye. Both eyes must still diverge, beeause one eye cannot perform 
this movement alone, and we need only halve the angle of deviation of the prism 
in order to calculate the abduction for each eye. 

AH thb can be obtained much more easily by the use of HertcheWi double 
prism wHh LaadoU't scale, which consists of two prisms of the same strength, 
that can be rotated in opposite directions with equal rapidity, so arranged that 
we can read on the frame the angle of deviation corresponding to each rotation 
of the prisms produced by a simple movement of the handle of the instrument, , 
as well as the metre angle that corresponds to the angle of deviation. I hold 
HfTtcheWt double prism before the right eye and begin to move it, while the 
eyes look at a light five metres away. At first a single light is seen, but soon 
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Fig. 106. — Amplitude of Convergence, after Z^amio^ 



a position is reached which causes it to appear double. The eyes cannot diverge 
beyond this point and retain binocular single vision. We read the scale and find 
that the negative convergence amounts to 1 metre angle. The entire ampli- 
tude of convergence is therefore in this case, according to the formula, 
a = p — r^lO — ( — 1), 11 metre angles. 

It is interesting to compare these symmetrical movements with the associated 
movements of the eyes. With a maximum convergence of 10 metre angles each 
eye is directed inward about 18°, while it can rotate to 30" toward the nose in 
the associated movement. With a minimum of convergence of 1 metre angle the 
eye is rotated out 1° 50', but in the associated movement it can rotate outward 
50". Hence it follows that only a small part of the excursions that are made 
in the associated movements can be used in the symmetrical movements. Accord- 
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ing to Landolt we can graphically portray the amplitude of convergence 
in the following way: Let the line represent the parallelism of the visual 
lines, the portion of the ordinates above the line the positive, that below, the 
negative part of the convergence. The numbers of the abscissae give the metre 
angle. It is a good idea for students to determine the amplitude of convergence 
in each other's eyes, for in this way they gain a conception of its varying extent. 

The relations between accommodation and convergence in hypermetropia 
are of the highest importance in the etiology of convergent strabismus. The 
majority of children whose eyes converge, are hypermetropic, and this leads up 
to another explanation of the fact that most men do not have strabismus. 

We will suppose that we are dealing with a hypermetropia of 4 D. A person 
with that amount of hypermetropia must accommodate 4 dioptres in order 
to distinguish clearly an object in the distance. If the connection just described 
between accommodation and convergence were absolutely fixed his visual lines 
would have to converge 4 metre angles, would not be parallel for distant 
vision, but would converge and he would have diplopia. He would always find 
himself in the dilemma, either to see distinctly and double, or indistinctly and 
single. 

Many emmetropes also, whose eyes have a rather divergent anatomical po- 
sition, would fare badly if the connection between convergence and accommoda- 
tion were absolutely fixed, for when such an emmetrope would render the axes 
of his eyes parallel by an impulse of convergence, he would be obliged to accom- 
moderate at the same time and thus make his eyes nearsighted, so that he could 
not see well in the distance. The opposite condition prevails in myopia. The 
myope needs little or no accommodation for near work, and if he should not 
converge he would have diplopia and strabismus. As hypermetropia is the 
prevailing condition of refraction, many more men would have strabismus than 
actually do, if the binocular act of vision did not interpose in a special way as 
a regulator. 

This regulative mechanism is represented by the relative amplitude of ac- 
commodation and convergence, by which we understand the power to increase 




Fig. 106.— Experiment to Demonstrate the Relative Amplitude of Accommodation. 

or decrease separately the innervation for convergence or accommodation, so 
far as may be necessary for the binocular act of vision. In other words: The 
connection between accommodation and convergence is not absolutely fixed, but 
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is rather elastic. This relative convergence and accommodation may be shown 
by some simple experiments. 

If a candle flame is looked at with binocular fixation and a prism with its. 
base out is interposed before the left eye, the light is seen double for a 
moment, the images crossed, because the prism deviates the rays of light so 
that they fall on the retina of the left eye at the temporal side of the fovea,. 
and the duplicate image appears somewhat to the right of the candle flame. 
This lasts only a moment, the light appears single again immediately, because 
the left eye, without our consciousness, rotates in sufficiently to allow the image 
of the light to fall once more on the fovea. If we hold the prism with the base 
in before the eye we have homonymous diplopia, because the image falls on 
the inner portion of the retina. We can fuse these double images also, up to a 
certain limit, because the eye makes a corresponding movement of abduction. 
This experiment and the accompanying drawing show that the convergence of 
the visual axes may be diminished or increased while the accommodation remains 
unchanged. 

Another experiment is this: When concave glasses are placed before both 
eyes of an emmet rope and he fixes upon the candle flame, the glasses must be 
overcome by his accommodation. The connection between the latter and con- 
vergence would cause the visual lines to turn inward, so as to induce diplopia, but 
binocular single vision is able to partially sever the connection. We can accom- 
modate more or less with the convergence unchanged^ In this way it is possible 
to regulate in a suitable manner the association of accommodation and con- 
vergence. This is plainly an adaptation of the double eye to the needs and the 
difficulties of the act of vision created by its congenital or acquired anomalies. 
The principle of the adaptation is that the binocular act of vision makes these 
two innervations independent of each other. In hypermetropes, whose relative 
accommodation has to be excessive in order to enable them to see distant objects 
distinctly, the involuntary effort of fusion may prevent an overconvergence by 
an antagonistic innervation of divergence. In myopes whose accommodation 
is relatively too weak for the object of fixation, the involuntary effort of fusion 
may increase the innervation of convergence. Thus it is that although the 
combination of accommodation and convergence predisposes ametropes to stra- 
bismus, the tendency is overcome by the involuntary effort of fusion for a long 
time, sometimes permanently. The looseness of the connection between accom- 
modation and convergence may be arrived at in another way. A hypermetropic 
child exerts the accommodation necessary for distant vision without exciting 
a simultaneous impulse to convergence of the eyes; it is only when he accom- 
modates more strongly in order to look at near objects that the requisite inner- 
vation for convergence is added. Anyone who enjoys such studies can often 
find other signs which prove that the activity of these two innervations, that are 
apparently so closely connected, may be quite independent, but what has been 
said will suffice to elucidate the question why, in spite of many predisposing fac- 
tors, most men do not have strabismus. 



135. Heterophoria and Its Treatment 

We have learned, in the preceding discussion, that imbalances of the eyes 
are demonstrable in many cases, under certain conditions, but that they are 
ordinarily obviated under the powerful influence of binocular vision through 
the involuntary effort of fusion. The tendency of the visual axes of such eyes 



548 J^STHENOPIA DUE TO HETEROPHORIA 

to deviate from their normal positions does not become evident until the binocuiar 
a.ct of vision has been rendered impassible. Such an imbalance, which is ordi- 
narily concealed by the binocular act of vision, we call latent strabismus, or 
fieterophoria. If students will investigate each other's eyes for its possible 
presence, they will be able to obtain an idea of wliat degree of imbalance can 
be borne without trouble, or may be designated as physiological. 

People with hypermetropia complain of certain asthenopic troubles, but when 
^t patient consults us on account of such an asthenopia we must not confine 
ourselves to the determination of the error of refraction, but always investigate 
the muscular balance of the eyes, for in many cases the symptoms depend on, 
(,1- are maintained .by, heterophoria. Look for heterophoria in all cases of 
Asthenopia. 

This patient complains that his eyes tire when used constantly for near 
work, that he has a feeling of pressure in his eyes, that the letters become in- 
distinct, and that frequently objects look double. If, in spite of this, he keeps 
qh working, he has headache and even nausea and dizziness. These are 
asthenopic symptoms, similar to those met with in hypermetropia, i^nd this may 
be a case of accommodative asthenopia from hypermetropia, or it may be one of 
muscular asthenopia. 

We may try to determine the cause in this case from the history. If the 
trouble is due to hjrpermetropia alone the symptoms do not disappear until 
the patient ceases from his near work, for if he closes one eye he must still 
continue to accommodate with the other, while, on the contrary, it is charac- 
teristic of a muscular asthenopia, due to a latent imbalance, that the symptoms 
disappear at once as soon as one eye is closed during near work. This is compre- 
liensible, for in muscular asthenopia fusion compels the innervation to be in- 
creased suiRciently to conceal the latent imbalance of the muscles and the symp- 
toms disappear When the patient closes one eye, because the involuntary effort 
of fusion is abolished and the strain of the excessive innervation no longer exiM». 
We may therefore ask our patient whether he has ever tried to keep on working 
with only one eye, and, perhaps, let him make the experiment. 

This, however, is not sufficient. The condition of the refraction must be 
investigated and the patient must wear the correcting glasses, for the relations 
between accommodation and convergence are disordered when errors of refrsc- 
tion are present, and the balance of the eyes may be influenced by them. A 
heterophoria that disappears after correction of the ametropia is called a pseudo- 
heterophcria. If the asthenopia is not caused to disappear by the correction of 
the erior of refraction we have to ascertain whether a latent imbalance of the 
muscles is present. 

Two tests are useful for this purpose. One is to hold a pencil about 80 cm 
in front of the patient in the median line and have him fix his eyes upon it. If 
the muscle balance is perfect hoth eyes must remain properly directed toward 
the pencil, even when one is covered for a while, because in orthophoria the eye 
will remain in the position of fixation as the position of equilibrium is that 
which is produced by the correct innervation. How is it with our patient.^ 
When I remove the cover from before the eye we see it make a very distinct, rapid 
movement inward to the correct }K)sition of fixation. The eye makes what we 
call a focussing movement inward, hence it did not remain quiet when covered 
but deviated outward. In other cases the focussing movement may be outward 
upward, or downward. This test teaches us a characteristic symptom of latent 
strabismus; the eye makes a focussing movement the instant it is uncovered. 
In manifest strabismus, on the contrary, the strabismic eye makes a focussing 
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movement, if it is still able to fix, as soon as the other eye is covered. We may 
conclude from this test that the eyes of this patient are not normally balanced 
during binocular fixation, but that they are compelled to maintain the position 
of fixation only by the binocular vision. It is only when we do away with 
binocular vision by covering one eye that the eyes show what is their real 
position of equilibrium, which in this case is a tendency to diverge. The eye 
deviates outward readily when covered because there is no longer any danger of 
diplopia when it is excluded from the act of vision. The eyes seek their natural 
balance because binocular vision does not compel them to overcome the imbalance. 
The visual lines no longer intersect at the point of fixation, but the conditions 
arc right for crossed diplopia, and, in fact, the patient sees double at the 
instant the eye is uncovered, which suffices to excite fusion immediately. 

We may imagine the entire trouble, in this case of latent divergent stra- 
bismus, to. be that the internal recti are too weak in comparison with the ex- 
ternal recti; the weak intemi then receive a sufficient innervation during the 
instant of diplopia to counteract the tendency to divergence and to effect the 
necessary convergence. Latent imbalance is ordinarily not to be seen ; it is only 
when one eye is covered, so as to abolish the impulse to fusion and render the 
excess of convergence useless, that the eye deviates outward to protect itself 
against weariness and to seek its true position of balance, which is not normal, 
but a certain degree of divergence. The assumption that on^ pair of muscles is 
weaker or stronger than its antagonists is, however, only a hypothesis; other 
mechanical factors may cause this motor disturbance; for instance, the inser- 
tions of the tendons may be abnormal. Purely nervous factors may also cause a 
group of muscles to be too strongly, or too weakly innervated. We are unable 
to assign a certain factor in the individual case, but for the sake of easy 
t!oraprehension we will consider that in this patient the internal recti are too 
weak. Such weak intemi could not receive continuously excessive innervation in 
order to maintain the necessary convergence for a long time without becoming 
tired, and then the trouble begins. The eyes are wearied by prolonged work, 
the letters begin to blur and frequently appear double; headache, and even 
nausea, follows. If we are to relieve these troubles we must make a second test. 
We must not be content with having found a latent imbalance, but miist 
measure its degree accurately. 

To do this we place the patient in front of a Maddox tangent scale, at 
a distance of 6 metres, and test with a Maddox rod. The test has been described 
already and it is only necessary to add that the large figures on the horizontal 
and vertical bars designate the degree of deviation at the distance of 5 
metres. The figure through which the band of light passes gives us at once 
the degree of the latent deviation. We begin the examination by placing the 
rod horizontally before the right eye of the patient, so as to produce a vertical 
band of light and to determine first whether there is any latent horizontal devia- 
tion of the eyes. 

It is desirable now to take note of a law we encounter in dealing with the 
muscles of the eyes. Pathological positions of convergence result in homony-* 
mous, pathological positions of divergence in crossed double images. We meet 
with this law in the test for latent imbalance. 

If the Maddox rod is placed before the right eye and the red band appears 
to the right of the light, there is homonymous diplopia, which proves that the 
eyes have a latent tendency to convergence. This is known as esophoria. If 
the red band is to the left of the light the diplopia is crossed, proving a latent 
tendency to divergence, which we call exophoria. Our patient has an exophoria 
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of between 7° and 8**, as is shown by his statements. If the rod is now placed 
before his left eye the condition will be reversed, but the same kind of diplopia, 
and the same degree of heterophoria must appear. 

After the horizontal balance of the eyes has been tested we investigate their 
vertical balance. We place the rod vertically before the right eye so that the 
band will now be horizontal. If the band is below the light it shows that the 
right eye has a tendency to rotate upward, in comparison with the other. If 
we then place the rod before the left eye the band appears the same number of 
degrees above the light. Such a condition, in which the eyes have a tendency 
to assume opposite directions vertically, we call hyperphoria. We call the 
eye that deviates upward the hyperphoric eye, and in this case we say that the 
patient has right hyperphoria. The latent inclination of the visual axis below 
the horizontal line we call cataphoria. Finally we have a cyclophoria^^ in which 
one or both eyes have a tendency to rotate about their sagittal axes. 

To complete the test we investigate the heterophoria for near, using Maddox* 
small scale, in the centre of which is a little vertical rod. We hold the scale 
at a distance of 25 cm in front of the patient, place before his right eye a 
prism having an angle of deviation of 6** with its apex upward. He now sees 
the scale doubled; with his left eye he sees one rod below, while the one seen 
through the prism is displaced upward and we need only to note what number 
is indicated by it. If the lower rod moves to the left the diplopia is homonymous, 
if to the right it is crossed. We thus learn at once the nature and the degree 
of the latent deviation for near. 

Treatment of Heterophoria 

What shall we do in this condition? Too much is often done, frequently- 
too little, so it may be well for me to give some therapeutic suggestions. This 
is work for the specialist alone. 

Hyperphoria is the form of latent imbalance which is most productive of 
trouble. Patients with hyperphoria frequently complain of frontal pain and of 
a feeling of giddiness, and the physician should at least think of this possibility 
when such complaints are made, particularly of frontal pain. To correct thia 
imbalance we order a prismatic glass of the strength found on the scale, with 
its base down in front of the eye that deviates upward. If the deviation is more 
than one or two degrees, so that the prism is heavy, the amount may be divided 
between the two eyes, the prism over the other eye having its base up, but if 
the hyperphoria is 3° or more we have to consider whether a tenotomy of the 
superior rectus is not indicated. 

If we find a latent tendency to convergence we investigate first for hyper- 
metropia, for, as every hypermetrope must accommodate strongly when looking- 
at a distance, he must excite an inner>'ation of convergence which is not opposed 
by the involuntary effort of fusion. If this involuntary effort of fusion has 
been excluded by the test with a Maddox scale, and a tendency to convergence 
has been brought to light, the first thing we have to decide is whether this, 
tendency is not due wholly to the strong accommodation. Therefore we place 
the correcting lenses before the eyes of a hypermetrope and then test again. 
If the esophoria persists in spite of the correction of the hypermetropia, or if 



* The description given by Savage of the innervation brain centres that maintain the up- 
ri^rht position of the vertical axes of the eyes, togrether with an account of the way in which 
cyclophoria can be detected, prieasured and treated, will be found in the Appendix.— F. 
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the patient is not hypermetropic, we may generally assume that the cause of 
the latent imbalance is anatomical and not situated in the nervous mechanism. 
Then we test the abduction of the eye and determine its amplitude of conver- 
gence. The negative convergence, the ability of the eyes to diverge, is of special 
interest in such a case, for when the ability of the eyes to diverge and the 
abduction are good, esophoria causes little or no trouble. If the ability to 
diverge Is imperfect we prescribe prisms with bases out over both eyes to counter- 
balance the defect. I have sketched here the action of prisms in esophoria, 
showing how they permit the binocular fixation of an object in spite of the 
relatively strong convergence of the visual lines. We do not prescribe prisms 
stronger than 8**, because the glasses are too heavy, and because the stronger 
prisms produce other effects that are annoying. This limit serves for all forms 
of heterophoria. If the esophoria is over 8** for distance, operative intervention 
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must be considered, tenotomy of the internus when the abduction and ability 
to diverge is normal, advancement of the externus when these are subnormal. 

The form of heterophoria exhibited by this patient is the most common, 
latent divergence. We have to note the following points in regard to this 
condition. 

Exophoria may exist alone, not associated with any other faults of the 
muscle balance, in which case it is slight and causes no trouble, or it may be 
combined with an insufficiency of convergence, when asthenopia is usually caused. 
We also meet with an insufficiency of convergence associated with a very slight 
exophoria, or none at all; in such persons we may find no heterophoria for 
distance, but as soon as .we try the test first described, to cover an eye during 
fixation of an object, the other eye deviates outward. 

Another test is to have the patient look at the point of a pencil held in the 
median line, which is gradually brought closer and closer to the eyes, until 
one eye is seen to deviate outward. The convergence is insufficient in such cases, 
not because of a weakness of the internal recti, for they do good service in 
adduction, but because of a weakness of the innervation for convergence. We 
often meet with such an insufficiency of convergence in anaemic persons. Im- 
provement is frequently obtained from invigoration of the general condition, 
but it is advisable that systematic exercises be instituted in all cases of pure 
insufficiency of convergence. Errors of refraction are to be corrected. The 
patient reads at first holding his book at a considerable distance, draws it closer 
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Tii:il the letters begin to blur, and then pushes it away again. We use prisms, 
'itii their bases in, occasionally in exophoria and insufficiency of convergence. 
k.s may be seen from this drawing, the rays of light coming from the point of 
ixation are deviated toward the base of the prism, so that the eyes need to con- 
rerge enough to fix upon an object at a greater distance. Theoretically, there- 
"ore, these prisms can aid the convergence in latent divergence, or insufficiency 
jf the intemi, but they are not very useful therapeutically in practice. Landolt 
sind Monoyer have proved by the determination of the amplitude of accommo- 
dation that an average of at least one third of the entire amplitude must be 
held in reserve, and only two thirds can be used when near work is to be done 
without trouble. In an analogous manner Landolt maintains that the 9 metre 
Dangles of positive convergence at the disposal of the normal man are in no 
way superfluous. Two thirds of the positive convergence must also remain in 
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reserve, on the average, if asthenopic trouble is to be avoided during constant 
near work. From the calculation of the absolute degree of the metre angle, 
which must vary with the distance between the points of rotation of the eyes, 
it appears that an insufficiency of 9, metre angles requires a prism of S**, but 
such a prism is too thick to be worn ; the strongest we prescribe is one of 2**. 

I will repeat the steps to be taken in the examination of every case of hetero- 
phorirt. I. Determination of the refraction and correction with glasses. 2. 
Determination of the nature and degree of the deviation on the tangent scale. 
3. Determination of the amplitude of convergence; the maximum convergence 
by the aid of LandolVs ophthalmodynamometer, the minimum with HerschelVs 
double prism, the record of the amplitude to be inade« on LandolVs blank. 4. 
Test of the power of adduction and of abduction. Investigation will convince 
anyone that many people overcome physiological heterophorias in the interest 
of binocular vision without trouble, or strain, and that in others they give rise 
to serious asthenopic troubles.^ 

^ 

[} Credit should be snven Stevens of New York, a pioneer in the study of the ocular 
muscles, not only for the introduction into literature of the descriptive terms heterophoria» 
exophoria, hyperphoria, etc., which have been adopted throufirhout the world, but idso for 
the invaluable service he has rendered in the investisration of these conditions, and for the 
delicate instruments he devised, such as the phorometer, tropometer, and clinoscope, which 
were the first to render accurate detection and measurement of the various forms of im- 
balance of the ocular muscles possible. A description of the instruments mentioned and 
of the ways in which they are used will be found in the Appendix written by the trans- 
lator.— F.] 
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136. Clinical Examination of Strabismus Convergens 

The history of this cnse is quite charRcteristic. The ptiri'iits noticixl no 
tviation of the eyes durinfj; Hic first two years of the child's life, but they 
lerved thttt one eye began to turn in toward the end of his third year. At 
rst he was crosseyed only at certain times, at other times his eyes were straight. 
During the stage of development uf a strabismus when the deflection of 
fcc eye is not constant we call the condition periodic convergent iitrnbitmiis. This 
Kiiiditioii may be the forerunner of a constant convergence of one eye. Stra- 
lismua is monocuhir from the first in about 80% of the cases, while in about 
%B% sometimes one and sometimes the other eye turns in and we have aii 
atternating ttrabUmui. The parents have frequently made good observations in 
Ihts form of crosseyc before they bring the child to the physician. 




Left E^e : Strabismus Convergena. 



Strabismus convcigens usually develops in the early years of life. SlatisticB 
show that the monocular variety begins in about 75% of the cases toward the 
end of the fourth year, and that the alternating variety appears rather earlier 
Ul 80% of the cases, sometimes as early as the second year. 

The objective examination commences with the determination of the vision, 
the refraction with the skiascope, and of the corneal astigmatism by means 
of Javal'x opiithHlnionieter. We often have to deal with very little children, and 
then we have ctmsidcrable difficulty in ascertaining the vision. We take such 
children into the clinic and study them. We can tell from the way In Hhich they 
run after Worth's ivory balls whether they see them, or are searching for them, 
'tcture test types are also useful in the test uf vision (if little children. 
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REFRACTION IN CONXEHGENT STRABISMUS 



One ciiaract eristic of the squinting eye in a monocular strabismus that has 
lasted a considerable time is the fact that its vision is poor. This fact is of 
importnnce for two reasons, one of Vhich is therapeutic. If we wish to treat 
Mich a case of strabismus properly we have to try to improve and to cure this 
amblyopia. The other reason is that the amblyopia aids us in the understand- 
ing of the etiology and development of convergent strabismus. We shall con- 
sider this point later. 

The determination of the refraction accompanies that of the vision in every 
examination. We ascertain it in (he usual way, by means of skiascopy, and then 
instill atropin, in order to excKide the influence of the accommodation for a 
subsequent, more accurate, examination. Another fact of importance to the con- 
ception of the nature of strabismus convergens is that the great majoritff of 
'persoTU who have convergent atrabu- 
mm are hyperm£tropic and frequently 
have hypermetropic astigmatism. 

The third question we have to answer 
in early cases of this nature is whether 
a strabismus really esists. There can 
be no doubt in such a case as this, 
but at first the convergence appeared 
only periodically, as has been stated, and 
in some cases a strabismus may not hr 
real, but only apparent. I have here 
the photograph of a man. Everyone 
would say that he must have strabismus, 
yet he has not. The \-isual line from the 
fovea to tlie object of fixation does not 
pass through the centre of the pupil and 
of the cornea, but rather to its median 
side, and forms an angle, the angle y, 
with the geometric axis of the eye, 
itre of the cornea. Hence we do not look 
directly forward, but obliquely, with our eyes. The size of this angle differs in 
different individuals. It is larger in hjpermetropia, smaller in myopia. When 
it is very large a divergent strabismus mav be simulated when the visual axes 
are actually parallel ; in fact it may conceal a slight, real convergent strabismus. 
The visual line passes to the outer side of the apex of the cornea in rare cases, 
and then it is possible for a convergent strabismus to be simulated, or a divergent 
strabismus to be overlooked. 

We have recourse to a simple experiment to determine whether manifest 
strabismus is really present in doubtful cases, and when the degree is slight, 
which I may try on this patient, whose left eye turns in. I direct him to look 
at the crossbars of the window, which he does evidently with his right eye; I 
then cover his right eye and the other one immediately moves outward and as- 
sumes the fixation, but Iiis right eye has turned in. This child fixes sometimes 
with one eye, sometimes with the other, and has what we call strabismus con- 
yergens altcrnans. 

The most important point elicited for us by this cover test is that a manifest 
strabismus becomes visible the moment one eye is covered. The deviating eye 
takes command at this instant, by what is readily seen to be a focussing move- 
ment, provided it is able to fix. A latent strabismus, on the contrary, which is 
ordinarily obviated by tlic binocular act of vision, is revealed by the fact that 
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the focussing movement of the covered eye takes place the moment the cover 
is withdrawn. 

Another method of determining whether manifest strabismus is present is 
to throw light into the eyes by means of the mirror of the ophthalmoscope. 
Every child will look instantly into the mirror, older patients have to be directed 
to look at the aperture, and then we see a small reflection of the mirror on the 
cornea of one eye. 

As the visual line does not pass through the centre of the pupil the image of 
the mirror is somewhat to the inner side of the centre. Now we pass the light 
quickly to the other eye. In binocular fixation the two images must be situated 
symmetrically, but if the visual line of one eye deviates from its proper course, 
if the eye is strabismic, the unsymmetrical position of the images will be per- 
ceived at once. 

The focussing movements of the eyes are perceptible also through a modi- 
fication of the mirror test, in which one eye and then the other is covered alter- 
nately during the experiment. 

We may even go a step farther and determine approximately the degree of 
deviation of the strabismic eye from the position of the reflex images. It has 
been shown by the measurements of Hirschberg that the angle of deviation is 
about 15^ when the image is at the margin of a normally large pupil, and about 
46** when the image is at the margin of the cornea of the squinting eye. 

Another thing can be determined by this combination of the cover and mir- 
ror tests. The prognosis depends in very many cases on whether the strabismic 
eye still retains the power of central fixation, and this can be determined by 
covering the fixing eye; if the other eye can fix centrally it will turn at once 
and fix the little aperture in the mirror, but if it cannot, it will wander about 
aimlessly. In many cases an excentric pc/rtion of the retina is used for fixation. 

All of these experiments show that the visual line of the strabismic eye 
misses the object of fixation. As we have already learned, diplopia ordinarily 
appears when the visual lines do not intersect at the point of fixation, and all 
persons with strabismus would therefore be expected to see double, but our 
patient denies that he has double vision. This brings us to another clinical 
symptom of strabismus: Although diplopia is the symptom of which patients 
complain most in the strabismus caused by paresis of the ocular muscles, yet it 
is usually and characteristically absent in the muscular strabismus with which 
we are now dealing. Tliis can be readily understood when one eye is very 
amblyopic, but it is also true when both eyes have useful vision. The reason 
of this is that the person gives his entire attention to the image seen by the 
fixing eye and suppresses that of the other. Diplopia is rarely met with in 
strabismus, and we must employ special test conditions in order to produce it 
artificially. 

For example: we place a red glass before one eye, a green one before the 
other and direct the patient to look at a light. Under such conditions it fre- 
quently happens that he is able to perceive both images at the same time, or, 
if not, we may alter one image by placing a Maddox rod before an eye, covering 
each eye alternately and then suddenly leaving both eyes uncovered. It must not 
be thought, however, that the patient can fix his attention equally upon two 
places, that he can see both the object in the axis of the fixing eye and that in 
the axis of the other. He sees with the latter only a faint, excentric image of 
the object toward which his fixing eye is directed. He suppresses the image of 
the one toward which his strabismic eye is directed and perceives two images of 
the same object. 
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We frequently meet with still another phenomenon in the visiifti net tn 
strnbismus, called the abnormal correspondence of the retinw, by which we under- 
stand that if a strnbisiims exists for a lonp time certain places on the n-tina-, 
which continually receive imaj^es of one and the same object, e.g.. the fovea 
of the good eye and a place situated to the inner side cf the fovea of the other, 
learn to loculize their impressions in a common line of sight. Two fovea- do not 
localize in one and the same direction in such n case, as in a normal pair of 
eyes, but in different directions, which deviate according to the angle of strabis- 
mus. Another place on the retina of the squinting eye has associated itself with 
the fovea of the other. This anomalous correspondence may persist even after 
the strabismus has been corrected by operation. 

When we have ascertained that a manifest strabismus eonvergcns exists our 
next duty is to determine exHctly the degree of deviation. Various methods for 




Fig. 111.— Determination of the Angle of Strabismus on the Tangent Scale of Maddox. 



the measurement of the angle of strabismus are at out disposal, but 1 use 
almost exclusively the tangent scale of Maddox. When the patient fixes the 
light with one eye, the distance between the light and the point where the visual 
line of the strabismic eye falls upon the scale is the tangent to the angle of 
strabismus. The large figures of this scale are used in measuring latent strabis- 
mus by ascertaining through what figure the red band of light produced by the 
Maddox rod passes, but we use the small numbers, which give us the Kngth of 
the tangent at the distance of one metre, to measure the angle of a manifest 
strabismus. 

The patient is placed so that bis eyes are on a level with the light situated 
one metre in front of him. I place myself below the scale, facing the patient, 
with mv head just beneath the light. The patient now look^ at the light and 
I see its reflex image appear on the conieiP of both eyes. The image appears 
somewhat to the inner side of the centre of the pupil of the fixing right eye, 
because of the angle Y' and on the outer side of the left eye, between the margin* 
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of the cornea and of the pupil. From this we know that the deviation exceeds 
15**. I now direct the patient to liold his head still and to look slowly to the 
left, fixing one number after another as I indicate it with my finger. The reflex 
image on the squinting eye gradually moves toward the centre of the pupil until 
finally it reaches the same position that it had occupied on the fixing eye. At 
the same time I see the displaced image on the first one. This method is very 
simple. We need only to direct the eyes in any case of strabismus so that the 
reflex image will occupy the same place on the cornea of the strabismic eye that 
it formerly occupied on the fixing eye, and then to read off the degree of devia- 
tion. 

Thus far we have learned that strabismus is present, the amount of the 
deviation, the vision and the refraction of both eyes* We must now study the 
movements of the eyes for two reasons. 

Every case of strabismus may come from two principal causes. It may 
be due to paresis of an ocular muscle, of which we will speak more in detail 
when we come to deiil with pareses of those muscles. In such a case the stra- 
bismus appears when the eye is moved in the sphere of action of the paretic 
muscle. For example: if the externus of the right eye is affected, strabismus 
will appear on looking to the right, for the right eye will not move outward in 
company with the left. In this patient the strabismus can be seen in whatever 
way he looks. We bid him look to the right and then to the left, and can 
perceive at once that these associated movements are perfectly uniform. In fact 
the angle of strabismus remains exactly the same in concomitant, or muscular 
strabismus, no matter in what direction the patient turns his eyes. 

We will establish this more accurately, for this is the second principal dif- 
ference between muscular and paralytic strabismus. We determine the angle 
of strabismus ; the deviation of the squinting eye we call the primary deviation. 
We now cover the fixing eye and compel the other to fix, so that the good eye 
is in a position of strabismus ; this we call the secondary deviation. We test and 
find that the secondary deviation is exactly the same as the primary. The 
condition is quite different in paralytic strabismus. The primary position of 
the eyes in concomitant strabismus is not only not parallel,, but crossed. 

The other I'eason why we nnist test the movements of the eyes is that the 
choice of the subsequent operation depends on the result. 

We close one eye of the patient and have the other make excursions in all 
directions. The movement of abduction is normal when the margin of the 
cornea touches the outer commissure; the adduction is normal when the inner 
margin of the pupil reaches an imaginary line drawn between the two puncta 
lacrimalia. To test the dynamic convergence I stand in front of the patient, fix 
with one eye his fixing eye, carry a pencil along the line of fixation toward 
his eye and so cause him to accommodate more and more. The squinting eye 
then shows the convergence of both eyes. 

Only one thing remains to conclude the clinical examination of a case of 
convergent strabismus. We have learned what a weighty factor the power of 
fusion is in the prevention of this condition ; we have seen> that it is able to hold 
in check the latent forms, and it is natural to suppose that it is either absent, 
or insufficient in a case of true strabismus. Such an, absence, or insufficient 
development of the power of fusion is, in fact, the most important cause of this 
form of strabismus, and therefore we must determine its condition. 

The amblyoscope devised by Worth is of good service in testing the power 
of fusion. It consists of two brass tubes united by a hinge and an arc. Each 
tube is composed of a longer and a shorter one joined* at an angle of 120°. 
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A single mirror at this place reflects the images from translucent picture slides, 
which are seen through a convex lens. The two halves of the instrument may be 
adjusted to correspond to a convergence of the visual axes to 60^, and to a 
divergence of 80**. When we look into the apparatus adjusted for the normal, 
with both eyes, and pictures are introduced that may be blended, as by a 
stereoscope, fusion is easy. If we change the angle so as to make the eyes con- 
verge, the figures follow and fusion can be maintained up to a certain point. 

How is it with our patient, who has alternating strabismus and good vision 
in each eye? He sees both figures when they are placed wide apart, but as they 
are drawn together he loses sight of one completely. He does not see them 
simultaneously when they lie close together, and above all he cannot fuse them. 
In other cases we find that, after we have adjusted the amblyoscope to the angle 
of strabismus, the two incomplete figures become fused, but only in a certain 
position; as soon as we change the angle of the apparatus the images imme- 
•diately separate. In such a case the patient possesses only a slight power of 
fusion. This experiment shows that this power may be considerably impaired 
in any case of convergent strabismus. The investigation of this point is of 
.special importance to the treatment, as well as to the development and etiology. 



137. The Etiology of Strabismus Convergens 

It is impossible to demonstrate by one or by several cases aD of the phe- 
nomena we meet with in convergent strabismus, but the following cardinal 
symptoms are generally to be found more or less marked in every case: 
1, The convergence is abnormal; 2, the power of fusion is imperfectly de- 
veloped ; 8, the visual sensation of the strabismic eye is suppressed ; 4, its vision 
is subnormal; 6, usually the eyes are hypermetropic or have hypermetropic 
astigmatism. 

We have now to consider its etiology and how. the cause may explain the 
symptoms. The latent forms of strabismus are caused by mechanical, anatomical 
factors, that vary greatly in different individuals, which determine the move- 
ments of the eyes, and we know that most heterophorias are kept latent and 
prevented from becoming manifest strabismus by the involuntary effort of 
fusion. The question therefore arises: Are not the same mechanical factors 
present, and have they not finally produced the manifest strabismus? 

It was formerly believed that convergent strabismus was due either to a 
•considerable shortening of the internal rectus, or to a weakness of the extemus, 
and therefore the only mode of treatment for a long time was tenotomy of the 
internus. 

When the power of abduction is tested in a large number of cases it is found 
to be normal in about 80%, showing that, in the majority, weakness of the 
extcmi and shortening of the interni cannot be the cause. It is only after the 
strabismus has lasted a long time that a strong spasm develops in the internus. 
The fact that strabismus frequently disappears when the patient is under general 
anaesthesia also goes to prove that there is at first no abnormal shortening of 
the muscle. It also disappears in quite a number of cases when the accommo- 
dation has been paralyzed with atropin, a fact that serves as the basis for 
part of our conservative treatment. We cannot accept this so called muscle 
theory, but it must not be inferred from this that anatomical anomalies in the 
position of the eye play no part in the etiology of convergent strabismus. These 
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anatomical incongruencies frequently form a predisposition to manifest as well 
as to latent strabismus. 

Clinical investigations have proved, however, that only very great anomalies 
in the position of the eyes furnish a direct cause. Slighter degrees of abnormal 
position may be overcome by the involuntary effort of fusion, when it acts from 
childhood, and the innervations may be adapted to the needs of binocular single 
vision. Of what great accomplishments the involuntary effort of fusion is 
capable we may see from the fact that it sometimes overcomes even greater 
vertical deviations than we could overcome under ordinary conditions. The 
innervation is particularly great in such cases. Perhaps among my students, in 
urtiom the test for orthophoria reveals a latent deviation of the eyes, may have 
noticed diplopia when the eyes were tired. The involuntary effort of fusion 
frequently loses its efficiency, but it causes the diplopia to disappear as soon 
as the latter is noticed. Mechanical, anatomical errors in the position of the eyes 
do not suffice alone to cause permanent strabismus. It is only under one 
condition that a strabismus may develop when the eyes arc thus predisposed in 
consequence of mechanical factors, and that is when the vision of one eye is 
permanently below a certain limit. When the power of binocular vision has 
been lost strabismus will appear, at least at times, because of the absence of 
the movements of fusion, for which binocular vision is a prerequisite. The 
associated movements of the eyes may appear to be normal when one eye is 
blind, yet when the seeing eye makes a movement of convergence the blind eye, 
instead of converging, makes a movement of abduction. Many cases in which the 
vision of one eye is bad exhibit such a relative, or insufficient convergence when 
looking at near objects, but fully developed convergent strabismus is not such 
a relative, but a permanent deviation and if the mechanical factors, on which 
the movements of our eyes depend, do not suffice for the etiology of this form, 
something else must be found. 

We therefore investigate in how far the dependence of the motor apparatus 
upon the sensory and dioptric systems must be taken into account. One of the 
most important clinical symptoms is the fact that the majority of strabismic 
children are hypermetropic. 

We have already discussed the association between accommodation and con- 
vergence. As the hypermetrope accommodates more for all distances than the 
emmetrope or myope a tendency to abnormal convergence is present in all hyper- 
metropes, and Bonders believed that this tendency to abnormal convergence, pro- 
duced by hypermetropia and increased accommodation, was the principal cause of 
strabismus convergens. There is no doubt that it is a very important etiological 
factor in many cases, but while it is true that most persons with convergent 
strabismus are hypermetropes, it is equally true that most hypermetropes do 
not have strabismus. Even among persons who have the highest degrees of 
hypermetropia a case of permanent convergent strabismus is rare. 

The condition of strabismus disappears completely after correction of the 
hypermetropia with glasses in only a small group of cases. If the inward 
deviation in hypermetropia were only the consequence of the increased inner- 
vation of accommodation we would need only to prescribe the correct glasses, 
or to do away with the accommodation by means of atropin, in order to cure it, 
but the strabismus is simply lessened somewhat in many of these children by the 
glasses, and in many it is not influenced at all. 

In the second place hypermetropia cannot be the principal cause of con- 
vergent strabismus because many of these patients are not hypermetropic, but 
emmetropic, or myopic. 



560 LACK OF FUSION POWER IN STRABIS.AIUS 

'In the third place the angle of strabismus is often much greater than would 
be proportional to the excess of accommodation. 

An important factor is still lacking to the satisfactory explanation of the 
genesis of strabismus convergens. This is the power of fusion. French and, 
preeminently, English ophthalmologists, Parinaud^ Priestley Smithy Maddox^ 
Worthy have proved that the essential cause of strabismus is an imperfectly de- 
veloped power of fusion, and I am convinced that they are correct. The 
binocular act of vision can relax more or less this connection between accommo- 
dation and convergence under normal conditions and so prevent strabismus. 
The involuntary effort of fusion counterbalances in hypermetropes the excess of 
convergence by an antagonistic innervation of divergence; it increases the >low 
convergence in the insufficient accommodation of myopes. These conditions are 
so regulated from childhood that the accommodation for distance in hypernietro- 
pia excites no impulse toward convergence, but is this the case when the in- 
voluntary effort of fusion is not present, or is imperfectly developed? 

If a hypermetrope, whose power of fusion is absent, or imperfect, looks at an 
object in the distance he must accommodate because of his hypennetropia, but 
this impulse to accommodation excites an innervation of convergence on account 
of the connection between the two. Fusion cannot counteract this inner\'ation of 
convergence, because there is no desire for binocular single vision, and his visual 
lines must converge. As such a child wishes to see distinctly he will direct the 
one of his two eyes which has the better vision at the object. He 
cannot move one eye without a corresponding movement of the other and 
therefore a lateral associated movement of the two eyes must take place until 
one has fixed upon the object ; this must cause the otlier one to he turned more 
strongly inward, the seeing eye fixes, the other one is strabismic. Thus 
we obtain a simple explanation of a strabismus convergens when we start 
from the hypothesis that the most essential factor in its genesis is an absent, 
or an imperfectly developed, power of fusion. It only remains to be proved 
that the power of fusion is actually faulty from the beginning in strabismic 
children. This proof has been established by numerous investigations. 

First, there are cases in which the absence of the power of fusion is a 
congenital defect. Such children develop strabismus early and independently of 
any error of refraction, they may be emmetropic, or hypermetropic, and they 
are apt to complain of diplopia if they are operated on later. 

The involuntary effort of fusion may be lost gradually during the earlv 
years of life. It was present originally, but its development was inhibited iind 
impaired by children's diseases, or other troubles. 

Another proof that the absence of the power of fusion is the cause of stra- 
bismus convergens is the fact that excellent cosmetic results have been obtained 
from operation in many cases, and yet the patients have no binocular single 
vision, they see double and cannot fuse the double images although they lie 
cloee together. 

When the two eyes point in quite different directions it would naturally be 
expected that the children should see double, but it is very characteristic of 
muscular strabismus that they do not in the overwhelming majority of 
cases. The visual impressions made in the deviating eye are suppressed. This 
is a purely psychological process, as has already been explained. The perma- 
nent exclusion of the images formed in the strabismic eye usually produces an 
effect, and we find in sucli eyes a high degree of amblyopia, especially when they 
have been turned in for a long time. 

This child furnishes us an example; he can scarcely count fingers at the 
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distance of three metres with his strabismic eye. Sometimes the amblyopia may 
be even greater than this. It was formerly believed to be primary and to be 
the cause of the strabismus, but we know now, from the investigations of Worthy 
and of Priestley Smithy that the percentage of amblyopic eyes in these children 
become greater the longer the strabismus has lasted, and that the degree of 
amblyopia increases with the duration of the strabismus. 

The clinical experience that such eyes are capable of an astonishing im- 
provement proves that the amblyopia is not caused by congenital anatomical 
lesions. It has been observed rej)eatedly that strabismic persons who have lost 
their better eyes, have regained in later years a good vision in their amblyopic 
ones through practice and use, and we shall learn in the treatment of strabismus 
tliat the amblyopia of the squinting eye is a functional disturbance which is 
capable of improvement. Amblyopia is not the cause, but the result of stra- 
bismus. 

Congenital amblyopia may be supposed to exist in a small group of cases, 
in which the vision is not apt to be as bad as in the neglected cases of strabismus 
convergens. 

If we recognize a defect in the power of fusion to be the most important 
cause of strabismus we can understand how it is that it may occur not only 
when hypermetropia is present to act as an exciting factor, but in other con- 
ditions of the refraction as well. Anisometropia generally is a predisposing 
factor, and the deviation may become manifest after fevers, excitements, and 
convulsions. 

Our entire conception of strabismus convergens is that it is an abnormal 
innervation which may be developed from an imperfect power of fusion by many 
nervous factors. Intermittent strabismus must be ascribed to purely nervous 
causes beyond a doubt. There are children in whom a latent convergence can- 
not be detected, sometimes for days or weeks, and then suddenly a manifest 
strabismus appears, and later disappears. These cases are differentiated from 
those of periodic strabismus by the fact that in the latter the deviation can 
always be demonstrated, either as latent or as manifest. Cases are also met 
with in which the angle of strabismus fluctuates widely without any demonstrable 
cause. 

We cannot say that anatomical anomalies in the position of the eye need 
not be taken into account etiologically, for we sometimes meet with cases in 
which the constant deviation is not dependent on the refraction. We also see 
the strabismus become less at the time of puberty and we may very well imagine 
that the anatomical position of the eyes may change during the period of growth. 
We must also admit that secondary anatomical changes may take place in the 
muscles and their insertions when a convergent strabismus has existed a long 
time. An increased tonicity of the intern i is particularly common. On the 
whole we will not be in error if we consider strabismus convergens to be a dis- 
turbance of innervation. This is indicated also by the clinical experience that 
the constitutional predisposition to strabismus is so readily transmissible by 
heredity, and that other abnormal symptoms of neuropathic taint are also met 
with in these cases. 



138. The Conservative Treatment of Strabismus Convergens 

It must seem probable from what has been said concerning its etiology that 
this form of strabismus may be cured without operation by timely and suitable 
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treatment. This is an advance that has been made gradually in ophthalmology 
during the past ten years. 

Still, we cannot do without the operations for strabismus, for we meet with 
cases in which the conservative treatment was not used at the right time, or 
in which it has failed, or in which it may fail from the start. The ophthalmolo- 
gist has therefore to decide during the course of the examination whether to 
employ conservative or operative treatment. 

Inasmuch as everything is finished in no case of strabismus by the operation, 
but prolonged observation and repeated examinations are needful throughout the 
treatment, many of the duties in this field fall to the lot of the general prac- 
titioner. Therefore I shall first consider what the general practitioner should 
do when a little child is brought to him, whose parents have noticed the com- 
mencement of a squint, and in whom a concomitant convergent strabismus has 
been diagnosed. He has a very important duty to perform. Many parents of 
such children, for whom there is no recourse except an operation, tell us that 
a physician told them years before that the strabismus would pass away of 
itself, that it would be outgrown, that they must wait, that it was too early for 
treatment. These are antiquated and crazy theories which cannot be condemned 
too strongly. 

It is never too early for the treatment of a developing strabismus convergens^ 
hut it is often too late. Under no circumstances should a physician put off the 
parents of such children in this manner, for, in the first place, the cases of 
convergent strabismus that disappear later, with the development of the child 
and of its ocular functions, are rare exceptions. To be sure we find a diminution 
of the angle of strabismus as age advances in many cases, but even when the 
strabismus retrogresses more or less, one thing remains undone, the amblyopia 
persists. In the second place, the time when the best results can be obtained 
from conservative treatment is in the earliest years of life. 

This is shown best by picturing to ourselves the course of a strabismus 
convergens which has not been treated. If the vision of the deviating eye 
was useful at first, amblyopia steadily increases. Many cases of neglected 
strabismus finally have no central fixation and vision is reduced to the counting 
of fingers. We must therefore, under certain circumstances, begin the con- 
servative treatment even in infancy. The physician should send children with 
commencing strabismus to the ophthalmologist, that he may take the initiative, 
even though they are only a few months old. 

What shall we do now for this child, whose convergent strabismus is evident .'^ 
First, we ascertain the angle of strabismus, then determine the refraction with 
the skiascope, then learn by means of the mirror test whether the strabismic 
eye can fix, and then investigate the mobility of the eyes, particularly the ab- 
duction and adduction. Then comes the first step of treatment: We instill one 
or two drops of a 1% solution of atropin in each eye for three successive days. 
For what purpose .'^ Such children are usually hypermetropic and a portion of 
their hypermetropia is latent, concealed by the accommodation, but we must 
know the refraction of such eyes accurately in order to be able to judge what 
influence the excess of accommodation exerts upon the convergence. A single 
instillation of atropin is frequently insufficient to completely paralyze the ac- 
commodation, and we also need time to win tlic child's confidence. This has 
been done in the present case; the angle of strabismus and the refraction are 
again measured accurately and we are ready to proceed to the second step of 
treatment, the prescription of the correcting glasses. 

Children with strabismus cannot begin to wear the correcting glasses too 
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early. Like Priestley Smith, Worth, and Bielschowsky, I myself have had 
infants wear glasses with good results. Sensible parents easily overcome the 
ridiculous objections raised against this measure, and ^Hhc gods themselves 
vainly strive against stupidity." 

Another source of anxiety to the parents, that the children will fall, break 
their glasses and injure their eyes, can be dissipated. Experience has shown 
that dangers to the eyes do not accrue through the glasses. When children 
injure their eyes it is usually with quite different objects. 

A more important question is how the glasses shall be adjusted. The 
lenses must be centred for distance and must be as large as possible that the 
child may not see over them. They must be fastened on when we are dealing 
with very small children. A matter of greater interest to us is what glasses 
to order. All astigmatism in excess of the physiological amount must be cor- 
rected, together with an average of four fifths of the total hypermetropia. Full 
correction of the total hypermetropia is to be avoided, because in many of these 
children a portion will become latent again after the effect of the atropin 
has passed away, and then the children will see, indistinctly, something we wish 
to avoid. 

If we happen to have a case with myopia a doubt may arise as to 
whether it is best to correct the error of refraction, because the tendency to 
convergence will be augmented by the necessarily increased accommodation, but 
experience has shown that the normal relations between accommodation and con- 
vergence should be maintained in such cases also by means of correction with 
glasses. After the proper glass has been worn for a while the first question in 
the etiology of strabismus convergens has been answered. If the hypermetropia 
and the excess of accommodation form the only cause of the strabismus the 
latter disappears gradually and there is nothing else to do for the child except 
to have him wear the glasses constantly. 

The strabismic eye is often amblyopic and the amblyopia grows worse the 
longer the strabismus persists. We must therefore try to preserve, or improve- 
the vision of this eye; it must be induced to take part in the act of vision. The 
amblyopia of such strabismic eyes can be improved to quite a considerable de- 
gree in many cases, as has been proved by numerous investigations into the re- 
sults produced by the conservative treatment of strabismus. Exceptionally 
good evidence is furnished by cases in which the better eye has been lost later 
in life by an accident and the patient has had to depend on the amblyopic one, 
many of which have been reported. I once had under my care a patient whose 
good* eye was lost through panophthalmitis ; the other one, which had been 
strabismic and was very amblyopic, attained within a few months a vision of 
more than half the normal. An iron energy is necessary for the production of 
such a result, to overcome gradually such a functional disturbance. 

What can we do to induce the strabismic eye to take part in the act of vis- 
ion in the early stage of convergent strabismus? It has been recommended 
to bind up the better eye for a while, but I have found, like many other ophthal- 
mologists, that this measure is successful only in those children who are cared 
for unusually well. If left to themselves they will try in every way to displace 
the covering so as to uncover the better eye. 

When the attempt to exclude the fixing eye from the act of vision by means 
of a bandage has not succeeded we commence the daily instillation of a drop of 
a 1/^% solution of atropin in the fixing eye alone, as soon as the child has be- 
come accustomed to the glasses. The accommodation of the better eye is para- 
lyzed by this means, so that the child can no longer see his playthings distinctly 
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with it, but is compelled to use his other one for near vision. The associated 
movement is stimulated until the strabismic eye is brought into fixation and, 
unless its vision is altogether too poor, the child will see his toys more clearly 
with it than with the atropinized one. The vision of such eyes may be im- 
proved very much in this way, as has been demonstrated by many ophthalmolo- 
gists, particularly by Worth, Maddox and Biehchowsky. It may happen, as 
Worth has observed, that the eye which was better at first may become am- 
blyopic from this exclusion from tht act of vision, so the eyes should be re- 
examined at inter^'als of a few months, when the ophthalmologist and general 
practitioner can work together efficiently. We determine in the course of this 
treatment whether the angle of strabisnms gradually decreases and the vision 
of the amblyopic eye increases. The younger the children and the earlier this 
treatment is begim, the better are the results. The best time is between the 
third and fifth years, but our results would be better and appear more quickly 
if we were always able to obviate the principal cause, the absence or insufficient 
development of the power of fusion. 

Unfortunately it is only in rare cases that we are able to take this very im- 
portant factor sufficiently into account, for researches have shown that the de- 
velopment of the fusion power is normally completed in the sixth year, so if we 
are to awake and strengthen tlie faulty power of fusion we are obliged to make 
the attempt at a time when the children are not mature enough for such efforts. 
Still, even this factor may l)e obviated with intelligent children and a good 
power of fusion established. Worth devised his amblyoscope for this purpose, 
but frequently neither the physician nor the little patient has the great amount 
of time and patience necessary for such exercises. Well to do children are the 
only ones that can aff^ord such an apparatus and satisfactory results can be 
obtained only occasionally with the simple stereoscope. Not much can be ex- 
pected from the latter if the angle of strabismus is very large. 

Finally, the care of the general condition appertains to the conservative 
treatment of convergent strabismus. Ana*niia, scrofulosis, weakness following 
children's diseases, must be properly treated. This also is the duty of the gen- 
eral practitioner. Every treatment has its limits, so we still have to consider 
how long this conservative treatment should he maintained. Experience has 
^iven us the following rules. 

The main ])oint is whether the case is one of monocular strabismus. If, in 
the course of several months, the angle of strabismus certainly decreases, if 
the vision of the strabismic eye improves, and especially if signs of the appear- 
ance of the power of fusi(m can he detected, an of)crati()n at that time is contra- 
indicated. We have to wait, and it really depends on the size of the angle of 
strabismus whether we have to discontinue the conservative treatment. If the 
angle of strabismus is less than 15"^ we need not decide the question as to the 
final obviation of the scjuint before the child is ten years old, for if the involun- 
tary effort of fusion is ])resent it may still hv ahlo to overcome so slight a de- 
viation. Even when this ])ower is absent the abnormal convergence may dimin- 
ish of itself as the body continues to grow, and in addition to this the cosmetic 
defect is very slight when the angle is Ions than 15 . When tho angle is greater 
than this and remains stationarv for months, or l)rtter for vears, in monocular 
convergent strabismus, an operation is needed. Wi* have to operate also in 
alternating convergent strabismus after a [)eri(Hl of ol)siTvation. The vision 
of both eyes is usually good in such casos, because each In used alternately for 
visual purposes, and ordinarily a congenital defect of the power of fusion is 
present, which cannot be remedied. 
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139. The Principles of the Operative Treatment of Strabismus 

Convergens and the Operations 

Before I describe the operations for strabismus, it is important that the In- 
•dications for them should be understood. We have two operative procedures 
^t our disposal: tenotomy of the internal rectus and advancement of the exter- 
nal rectus. When the angle of strabismus is lar^ the two have to be com- 
bined. 

Tenotomy is the simpler and easier operation and under certain circum- 
•stances its effect can be gauged better, but it has a distinct disadvantage. The 
tendon of the internal rectus is divided at its insertion into the eyeball, the 
tenotomized muscle retracts somewhat into the orbit and becomes adherent again 
to the sclera at a point farther back than its original insertion. It is evident 
that the eye can no longer rotate inward as strongly as before; an artificial 
paresis of the rectus internus has been produced by the tenotomy. Formerly 
this operation was liked very much because of its simplicity, it can often be per- 
formed on ambulatory cases, but the mishaps that may be observed are the 
more numerous the longer the time that has elapsed since it was performed. 
Aside from the fact that the eye protrudes somewhat after a tenotomy of the 
internal rectus, and that the palpebral fissure becomes somewhat wider, the 
convergent strabismus becomes divergent in many cases, and the divergence is 
even more disfiguring cosmetically. For these reasons many ophthalmologists 
have adopted the operation of advancement of the extemus, for which Landolt 
is the preeminent advocate. The tendon of the extemus is divided at its inser- 
tion, the muscle is shortened more or less, and then reattached to the eyeball 
•closer to the cornea than its original insertion. This operation requires a 
greater mastery of operative technique and is defective in that its effect cannot 
be accurately gauged. Both operations have their indications, their advan- 
tages and their disadvantages, while it is evident to the impartial clinician that 
the entire operative treatment of strabismus is and will remain incomplete, be- 
cause we can influence in this manner only the peripheral motor organs, and 
can take into account the true nature of strabismus only to a very moderate 
degree. On the other hand these efforts are not to be discredited, for the re- 
moval of the cosmetic disfigurement is a great credit to ophthalmic therapy, 
especially as this result may be obtained by a suitable operation without harm 
to the eye. 

In order to be able to choose the operation indicated in a particular case 
two questions need to be answered: First, should a tenotomy of the interhal 
rectus be performed at all in this case, or not? If the reply to this question is 
in the affirmative, that the operation is justifiable, the secpnd question arises: 
Which of the two permissible operations, tenotomy or advancement, promises 
the better result in this case? How can we answer the first question, whether 
tenotomy of the internus is to be excluded from the first, or not? Simply by 
testing the adduction and abduction of the eyes, especially of the strabismic one. 
It is self evident that a tenotomy should be performed in no case on an internus 
the power of which may be said to be just normal or subnormal, but only when the 
power of adduction is distinctly plus. 

I direct our first patient to make a movement of adduction of the strabismic 
eye. Under normal conditions the nasal margin of the pupil reaches an im- 
aginary line drawn between the two puncta lacrimalia in the movement of adduc- 
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Fig. U2a.— Strabismus Convergens: (u) Before the Operation. 



Fig. 112b. (b) After the Operation. 
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tion ; if the temporal margin of the pupil reaches to or beyond this line we con- 
sider the adduction to be plus. 

The abduction also must be takai into account. It is normal in many 
cases of convergent strabismus, but it may be more or less impaired. We 
say the abduction is normal when the margin of the cornea touches the outer 
commissure. When the impairment of the abduction is greater than the in- 
crease of the adduction no tenotomy should be performed on the intemus. If 
the result of these examinations shows that tenotomy of the intemus is con- 
traindicated, its antagonist may be advanced. 

When both operations appear to be permissible the choice depends, first, on 
the size of the angle of strabismus, and second, on the adduction and abduc- 
tion. If the angle is about 18^, and the loss of abduction balances the increase 
of adduction, we tenotomize the intemus. If, with this degree of strabismus, 
the loss of abduction is greater than the increase of adduction, we advance the 
extemus. If the angle is over £0** we have several possibilities at our disposal. 
We may divide the effect between the two eyes. In the overwhelming majority 
of cases we choose advancement of one extemus, followed some time later by that 
of the other. This procedure is particularly the one indicated in alternating 
strabismus. We tenotomize both intemi only in exceptional cases, when the pa- 
tient is an adult with an old strabismus and contracture of these muscles. When 
the angle of strabismus is still greater, 80** or more, we perform, in monocular, 
strabismus, advancement of the extemus and tenotomy of the intemus at the 
same time. 

L Tenotomy of the Intemus 

Operations for strabismus should be performed under cocain, for we need 
the assistance the patient can give us, so it is only in cases of necessity, with 
children that are hard to manage, that we use general ansesthesia. We must 
bear in mind,- in such cases, that the eyes ordinarily diverge during general 
aniesthesia and that the strabismus disappears to a greater or less degree. 

After cocainization of the conjunctiva and introduction of the speculum, 
we have the patient look toward the side opposite the muscle to be operated on, 
seize the conjunctiva over the insertion of the tendon with toothed forceps and 
incise it vertically to the direction of the muscle for a distance of 1 cm. In the 
same way we cut through the capsule of Tenon until the tendon is exposed. We 
drop in a little more cocain and then follows the measure most important to the 
successful attainment of the end desired. Aside from the proper indication, 
everything depends on the production of no overeffect by a tenotomy of the in- 
ternal rectus. It is self evident that such an overeffect has been produced when 
a convergent is transformed into a divergent strabismus, but the reduction of 
the action of the intemus below normal must also be considered too great an 
effect. The operation must not cause any great loss of mobility of the eye in- 
ward. If we find in a case on which we have performed tenotomy carefully that 
the angle of strabismus has not become less, we must allow the wound to heal 
and then either tenotomize the other intemus, or, better, advance one or both 
externi. We follow the suggestion of Biehchawsky in order to avoid an over- 
effect. We seize the tendon with its fascia and pass a silk tliread through it 
and the superjacent conjunctiva near its insertion, make a little tension on this 
thread and divide the tendon at its insertion. In this way we have the tenoto- 
mized muscle together with the conjunctiva under our control, it cannot retract 
at random, especially as we are careful to spare as far as possible the connec- 
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tions formed by the fascia between the muscle, the sclera, and the conjunctiTa* 
Then we carry the thread through the anterior margin of the wound, the one . 
nearer. the cornea, and tie it loosely. Our patient then sits up and we test the 
immediate effect of the tenotomy. If the eyes are parallel, or rather divergent,. • 
when he is looking straight ahead, the thread must be tightened a little. If the : 
patient happens to be a child under general anaesthesia this test should be made . 
at the first change of dressings, thaH evening. If the immediate effect is too . 
slight the thread may be loosened, or removed entirely. Both eyes are then ban- 
daged for three days to keep them quiet. During the first days of the healing- 
of the wound we can regulate the effect of a tenotomy by means of this thread. 
It happens frequently that the effect becomes greater in the course of the first 
day, when we must try to bring the muscle forward somewhat by traction on the 
thread, but the final result cannot be known until after two or three wedu. 
Every other intervention that may be necessary must wait until that time ha» 
elapsed. 

n. Advancement of the Extemus 

i 

Very many methods of advancement have been suggested, but the defect is 
common to all that the immediate effect of the operation retrogrades more or 
less. It is therefore the rule to try to get quite a little overeffect at first. Va- 
rious methods have been tried, such as the resection of the tendon, or of the mus- : 
cle, and the formation of folds, but as long as we do not know in advance how^ . 
much the immediate effect will retrogress, the result can be gauged very im- 
perfectly whenever advancement is performed alone. I will show in this case a 
procedure in which I have combined two methods, those of Worth and of 
Schweigger. I think it important that the advanced muscle should be attached 
to the sclera and the sclera to the muscle. We first divide the conjunctiva and 
Tenon's capsule vertically to the direction of the muscle. The wound gapes, 
but we dissect up the conjunctiva close to the margin of the cornea. Now we 
introduce a thread through the superficial la^^ers of the sclera near the limbus, 
parallel to the incision in the conjunctiva and therefore vertical to the direction 
of the tendon, in such a way that the points of entrance and ef exit of the needle 
are both above the upper margin of the muscle, and pass it in the same way 
below the level of its lower margin. We have the eyeball firmly under control by 
means of this thread, which lies visible on the sclera between these two places. 
Next we place a strabismus hook beneath the tendon, push back the capsule 
somewhat, and expose its insertion. We replace the hook with Princess ad- 
vancement forceps, grip the tendon, and the conjunctiva over it, between its 
arms, and divide the tendon at its place of insertion, together with some other 
bfinds of connective tissue. The forceps prevent the muscle from escaping. 
Now we pass the needles on our first thread from below through the upper and 
lower margins of the muscle, so that we can tie the ends together later over it 
and the conjunctiva. The degree of the angle of strabismus determines how 
far back the needles should be introduced. A powerful effect can be produced 
in this manner, but it is not yet time to tie the thread. We first introduce two 
more threads behind the advancement forceps at the upper and lower margins 
of the muscle, passing through the conjunctiva, capsule and muscle and coming 
back through the muscle, capsule and conjunctiva. We unite these threads and 
then have one at the upper and one at the lower margin of the muscle, by means 
of which we can draw the latter toward the cornea, where we pass them through 
the superficial layers of the sclera, in a rather divergent direction, and tie them . 
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fast. The insertion of Ihc muscle Is brouglit fartlier forward in thifl manner. 
In order to support it while healing, and to prevent the dissolution of the fresh 
adhesions during the first few days, we finally tie our first thread over the belly 
of the muscle and so press it down to a certain degree in its new place of im- 
plantation. This last thread must not be drawn very tight, else it will com- 
press (he muscle and its nutrient vessels. It may be removed after a few days. 
The anterior sutures at the margin of the cornea remain in place for eight or 
ten days. Both eyes are bandaged for from five to seven days. I can recom- 
mend this combination of two methods of operation. 

III. The Combined Operation 

In advancement and simultaneous tenotomy of the antagonist in one eye the 
technique is the same, but we can gauge the effect better by the combination 
than by advancement alone, If we wish to rely chiefly on the action of the ad- 
vanced extemuB we tenotomize the internus in order to do away with the tension 
of the antagonist. We do not set back the tenotomized muscle, but tie the 
thread as soon as the tenotomy, has been performed. If the angle of strabismus 
is so great that the effect of the advancement is insufficient, the intemus may be 
set back and its reinsertion regulated as required by tying the thread loosely. 

The treatment of the strabismus is not ended when the patient leaves the 
hospital; we must try to reestablish binocular vision and to excite fusion. In 
those cases in which, after the abnormal position has been corrected, there is a 
possibility of the appearance of the involuntary effort of fusion, the ordinary 
vocation will suffice to excite it. In other cases, if conditions permit, we pre- 
scribe a stereoscope, practice with which teaches the patient to become con- 
scious of the two halves of a picture at the same time. After this has been ac- 
complished the pictures are moved gradually so as to exercise, or utilize, the 
inner^-ations which counteract the position of, or the tendency to strabismus. 
The persons who liavc sufficient patience and energy to do this are certainly rare 
exceptions. Judgment as to the result depends also on the fact that many pa- 
tients are troubled more or less by diplopia, after an operation for convergent 
strabismus, but fortunately tliis gradually passes away, as a rule. 

140. Strabismus Divergens and Its Treatment 

The examination of a case of divergent strabismus is conducted exactly in 
the same manner as that of convergent strabismus. We determine the vision 
and refraction, measure the angle of strabismus, test the abduction and adduc- 
tion, ascertain whether the strabismus is monocular or alternating, test for 
diplopia, and, when possible, investigate the power of fusion. Therefore we 
need to consider only the etiology and the treatment of this fonn of strabismus. 

We came to the conclusion in the discussion of the etiology of convergent 
strabismus that it was essentially a disturt)ance of innervation. Is this the case 
in divergent strabismus also? 

Aside from the fact that the deviation of the eyes is in the opposite direction, 
divergent strabismus differs from convergent in the following points: It is 
exceptional for it to develop in the early years of life, but it usually appearit 
when the patients are ten or twelve years old. It is more dependent on mechan- 
ical causes. The refraction is myopic in more than half of the cases. The 
myope needs less accommodation than either the cmmetrope or the hypermetrope 
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for near work, and the centre of convergence receives consequently a less power- 
ful impulse of innervation. 

Donders supposed that the lack of use of the accommodation led to a weak- 
ness of the convergence and then finally to a predominance of the externi over 
the interni, which resulted in divergence, but this is not a sufficient explanation 
of the etiology of strabismus divergens, for a total paralysis of convergence 
may not produce an absolute divergence of the visual axes. A weakness of 
convergence leads only to a relative divergence, an insufficient convergence for 
near vision. Two other factors have to be present to produce a real, perma- 
nent strabismus. 

One is an anatomical predisposition, consisting of a divergent position of 
the eyes. Such a predisposition may be readily understood to exist in myopia. 
The fact that the axis of the myopic eye is lengthened explains why many 
myopes have a latent divergence, an exophoria. 

The fusion power must be insufficient to prevent an exophoria from becom- 
ing a manifest divergent strabismus. If the power of fusion is insufficient the 
young myope will complain not only of his nearsightedness, but also that he 
tires easily and that the lines become confused. Soon he notices that he can 
read well with one eye if he closes the other, and he can still work after this eye 
has become divergent. Diplopia does not disturb him, because the excentric 
image produced in the divergent eye does not excite his weak power of fusion. 
If the myopia is greater in the divergent eye, its vision is, if possible, less than 
that of.the working eye, so there is no occasion for a disturbing diplopia. 

We try to restore the normal relations between accommodation and conver- 
gence, in all such cases, by correction of the myopia, or myopic astigmatism. 
Stereoscopic exercises have little effect on latent or periodic strabismus divergens. 

When the power of fusion is wholly absent the diverging eye may be am- 
blyopic, or have a congenital defect of fusion, and in that case operative treat- 
ment is the only one to be considered, because the anatomical position cannot 
be spontaneously corrected. Tenotomy of the externus alone is of almost no 
avail, for it has been shown that the influence produced by tenotomy of the ex- 
ternus upon the angle of strabismus is much less in divergent, than that of 
tenotomy of the internus is in convergent strabismus. Clinical observation 
ako teaches us that the immediate effect of such a tenotomy retrogrades very 
much. A marked overeffect must be striven for in the operative treatment of 
divergent strabismus. According to Btelschawsky a convergence of eight or 
ten degrees should be obtained immediately after the operation. This can be se- 
cured with great certainty by advancement of the internus. We frequently 
have to combine advancement of the internus with tenotomy of the externus in 
order to obtain this overeffect when the deviation exceeds ten degrees. When 
the case is one of monocular strabismus divergens with a high degree of am- 
blyopia of the diverging eye the combined operation is indicated even though the 
angle of strabismus does not exceed eight or ten degrees. 
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